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in 
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the  resistance  to  heat  flow  expressed  in  units  of  (fF)  x  (hours)  x  (°F)/Btu; 
R-value  =  1/U-value 

supply 

standard  cubic  feet 
standard  cubit  feet  per  minute 
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LIST  OF  ABBREVIATIONS  (Continued) 


SIR 

SIOH  or  SIA 

SOW 

sq  ft 

st/sp 

SWPA 

SZU 

stby 

t 

T 

temp 

TD 

T. 

Tg 

TPF 

TRY 

UA 

UPW 

U. S. 


Savings-to-Investment  Ratio:  toted  life  cycle  benefits  divided  by  90%  of 
the  differential  investment  cost 

supervision,  inspection,  and  overhead 

scope  of  work 

square  foot  (feet) 

starl/stop 

Southwestern  Power  Administration 

single  zone  unit 

standby 

ton,  a  means  of  expressing  cooling  capacity:  1  ton  -  12,000  Btu/hr 
cooling 

temperature 

temperature 

temperature  difference 

fltdd  temperature  ("C) 

ground  temperature  (°C) 

third  party  financing 

Test  Reference  Year 

overall  heat  transfer  coefficient  (Btu/hr-°F) 

uniform  present  worth  factor:  a  factor  which,  when  applied  to  armual 
savings,  will  account  for  the  time  value  of  money  and  inflation  over  the 
life  of  the  project 

United  States 


LIST  OF  ABBREVIATIONS  (Continued) 


U-value 

a  coefficient  expressing  the  thermal  conductance  of  a  composite 
structure  in  Btu  per  (sq  ft)(hour)(°F  temperature  difference);  Btu/ft^  x  hr 
X  ®F);  U-value  =  1/R-value 

V 

- 

volt(s) 

VAT 

- 

value  added  tax 

VAV 

- 

variable  air  volume 

VSD 

- 

variable  speed  drive 

W 

- 

watt(s) 

WB 

- 

wet-bulb 

wk 

- 

week(s) 

yr 

- 

year(s) 

xvm 


APPENDIX  A 


SCOPE  OF  WORK 


SCOPE  OF  WORK  SUMMARY 

ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS,  Fort  SILL, 


OKLAHOMA 


ITEM  SOW  SOW 
NO.  PAGE  SECTION 


DESCRIPTION 


Survey  the  boilers  to  determine  their 
efficiency.  _ 


Identify  and  list  all  ECOs  considered. _ 


Identify  low  cost  or  no  cost  ECOs^ _ 


Prepare  report.  _ _ 


Include  in  the  study  the  results  of  previous 
studies  concerning  boiler  and  chiller  plants. 


Determine  if  ECOs  are  technically  and 
economically  feasible. 


Combine  ECOs  into  larger  packages  for 
ECIP  or  MCP  funding.  _ 


List  and  prioritize,  by  SIR,  projects  which 
qualify  for  ECIP  fimding. _ _ 


Prioritize,  by  SIR,  feasible  non-ECIP 
projects.  _ _ 


Develop  life  cycle  cost  analysis  summary 
sheets  for  ECIP  projects. 


Provide  original  backup  calculations  from 
previous  studies. _ 


Develop  life  cycle  cost  analysis  summary 
sheets  for  non-ECIP  projects. 


Document  nonfeasible  ECOs  in  the  report. 


Conduct  boiler  efficiency  tests. 


.2  Conduct  chiller  efficiency  tests. 


7.2.2  Investigate  existing  local  controls  and 

incorporate  into  EMCS. _  . _ 


7.2.3  Review,  document,  and  evaluate  operation 
and  maintenance  practices. 


REPORT 

SECTION 


Table  7-2 


Appendix  D 


Appendix  G 
andH 


Appendix  D 


Appendix  F, 
Survey  Notes 


Appendix  E, 
Survey  Notes 


2.0  and  6.0 


SCOPE  OF  WORK  SUMMARY  (Concluded) 
ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS,  Fort  SILL, 


OKLAHOMA 


ITEM  SOW  SOW 
NO.  PAGE  SECTION 


DESCRIPTION 


REPORT 

SECTION 


7.3  Thoroughly  evaluate  and  document  aU 

potential  ECOs  which  are  not  eliminated. 


7.6  Prepare  a  comprehensive  report. 


Interim  submittal  -  include  analyses 
performed  to  date  and  results  of  field  survey. 


7.6.1  Interim  submittal  -  include  copies  of  the 

Scope  of  Work  and  any  modifications. _ 


Interim  submittal  -  provide  a  narrative 
summary.  _ 


7.6.1  Interim  submittal  -  include  copies  of  field 

survey  forms^ _ 


7.6.2  Prefinal  submittal  -  document  the  integrated 
aspects  of  the  study.  _ 


7.6.2  Prefinal  submittal  -  include  an  order  of 

priority,  by  SIR,  for  the  recommended  ECOs. 


7.6.2  Prefinal  submittal  -  include  an  executive 

summary  per  Annex  D. _ 


7.6.2  Prefinal  submittal  -  list  all  projects  and  ECOs 
developed  in  the  study. _ 


7.6.3  Final  Report  -  incorporate  revisions  and 

corrections  resulting  from  comments. _ 


8.2  Identify  operational  items  noted  in  the  study 
which  wifi  effect  energy  conservation. _ 


7.1.1  Use  metering  equipment  with  the  proper 
&  7.1.2  accuracies  and  calibration. _ 


Present  overview  of  the  impact  on  changing 
refrigerants  to  environmentally  safe 
refrigerants. 


Plants  included  in  study:  730,  914,  2812, 4701, 
5676,  5678,  5900,  6003. 


Appendix  D 


Interim 

Submittal 


Interim 

Submittal 


Appendix  A 


Executive 

Summary 


Appendix  E 
and  F 


Executive 

Summary 


7.0  and 

8.0 


Final 

Report 


Section  6.0 


Appendix  E 


Section  5.0 


SCOPE  OF  WORK  SUMMARY,  ECOs  EVALUATED 
ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS,  Fort  SILL,  OKLAHOMA 


ECO  DESCRIPTION  IN  SOW 

SOW 

LOCATION 

ECO 

NO. 

ECO  DESCRIPTION 

IN  REPORT 

Controls  to  assure  proper 
combustion  air-fuel  ratio. 

Annex  A 

10 

Installation  of  combustion 
controls. 

Installation  of  new  burner 
equipment. 

Annex  A 

11 

Installation  of  new  high 
efficiency  burner. 

Economizer  or  air  preheater. 

Annex  A 

12 

Installation  of  stack  economizer 
or  air  preheater. 

Loading  characteristics  and 
scheduling  versus  equipment 
capacity  (equipment 
optimization). 

Annex  A 

2&8 

2  -  Chiller  optimization. 

8  -  Boiler  optimization. 

Control  systems  to  operate 
chillers  at  the  most  energy 
efficient  operating  condition. 

Annex  A 

2 

Chiller  optimization. 

Variable  or  two-speed  cooling 
tower  fan. 

Annex  A 

5(A)  & 
5(B) 

5(A)  Two-speed  motors. 

5(B)  Variable  speed  control. 

Storage  of  chilled  water  or 
other  thermal  storage  systems. 

Annex  A  & 
Conf.  Notice  1 

4 

Ice  storage  cooling  system. 

High  efficiency  motors. 

Annex  A 

6 

High  efficiency  motors. 

Instruments  and  controls  to 
facilitate  efficient  operations. 

Annex  A 

1  &7 

1  -  Chiller  instruments. 

7  -  Boiler  instruments. 

Use  smaller  boilers  where  load 
has  been  reduced. 

Annex  A 

8 

Boiler  optimization. 

Replace  inefficient  boilers  with 
more  efficient  boilers  (or  repair). 

Annex  A  (para 
7.2.1) 

9 

Renovate  or  replace  boilers. 

Replace  inefficient  chillers  with 
more  efficient  chillers  (or 
repair). 

Annex  A  (para 
7.2.1) 

3 

Renovate  or  replace  chillers. 

.-3 


Appendix  A 


GENERAL  SCOPE  OF  WORK 
FOR  AN 

ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 

FOR 

FORT  SILL.  OKLAHOMA 


Performed  as  part  of  the 
ENERGY  ENGINEERING  ANALYSIS  PROGRAM 


Exhibit  1 


A-4 


BRIEF  DESCRIPTION  OF  WORK:  The  Archi tect“Engineer  (AE) 
shal 1 : 

1.1  Determine  the  efficiency  of  the  boiler/chiller  plants 
by  appropriate  tests. 

1.2  Survey  the  boiler/chiller  plants  to  determine  if 
efficiency  can  be  improved  by  the  repair,  addition,  or 
modification  of  equipment,  control  systems  and  operation  and 
maintenance  practices  and  recommend  improvements. 

1.3  Identify  all  energy  conservation  opportunities  (ECOs) 
Including  low  cost/no  cost  items  and  perform  complete  evaluations 
of  each. 

1.4  (Deleted) 

1.5  (Deleted) 

1.6  Prepare  a  comprehensive  report  to  document  the  work 
performed,  the  results  and  recommendations. 

2.  GENERAL 

2.1  Other  studies  performed  under  the  Energy  Engineering 
Analysis  Program  (EEAP)  have  been  performed  at  the  installation 
and  may  have  included  the  boiler/chiller  plants.  Results  of  the 
previous  studies  concerning  the  boiler/chiller  plants  shall  be 
included  in  this  study.  Boi ler /chi 1 ler  plant  projects 
recommended  in  the  previous  studies  shall  be  updated  and  included 
in  this  report  if  they  have  not  been  Implemented  or  programmed. 
Any  reports  or  studies  that  may  have  been  accomplished  on  the 
boiler/chiller  plants  shall  be  reviewed  by  the  AE  and  information 
included  in  this  report  as  applicable. 

2.2  The  information  and  analysis  outlined  herein  are 
considered  to  be  minimum  essentials  for  adequate  performance  of 
this  study. 

2.3  This  study  shall  include  the  boiler  plant,  chiller 
plant,  all  appurtenances,  and  supporting  systems  (e.g.,  fuel 
storage  facilities,  pollution  abatement,  water  treatment,  etc.). 
It  does  not  include  steam  or  chilled  water  distribution  systems. 
However,  if  during  the  survey  readily  identifiable  energy 
conservation  opportunities  pertaining  to  the  distribution  systems 
are  noted,  they  shall  be  listed  in  the  report. 
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2.4  The  "Energy  Conservation  Investnent  Program  (ECZP) 
Guidance*)"  described  in  letter  from  CEHSC-FU,  dated  25  April 

K88,  and  revised  in  letter  from  CEHSC-FU-P,  dated  15  June  1989, 
tablishes  criteria  for  ECIP  projects  and  shall  be  used  for  per¬ 
forming  the  economic  analysis  of  all  projects  or  improvements 
considered. 


i 

I 


i 


I 


2.5  Energy  conservation  opportunities  determined  to  be  tech¬ 
nically  and  economically  feasible  shall  be  developed  into 
projects  acceptable  to  installation  personnel.  This  may  involve 
combining  similar  ECOs  into  larger  packages  which  will  qualify 
for  ECIP  or  HCA  funding,  and  determining,  in  coordination  with 
installation  personnel,  the  appropriate  packaging  and  implementa¬ 
tion  approach  for  all  feasible  ECOs.  Energy  conservation  oppor¬ 
tunities  which  do  not  fit  into  projects,  such  as  operation  proce¬ 
dure  changes,  shall  be  developed  into  detailed  and  specific  in¬ 
structions  and  procedures  for  operating  personnel. 

2.6  Projects  which  qualify  for  ECIP  funding  shall  be  iden¬ 
tified,  separately  listed,  and  prioritized  by  the  Savings  to  In¬ 
vestment  Ratio  (SIR) . 


2.7  All  feasible  non-ECIP  projects  shall  be  ranked  in  order 
highest  to  lowest  SIR.  ^ 


2.8  Energy  Conservation  and  Management  (ECAM)  projects  for 
procurement- funded  Installations  will  be  identified  and  analyzed 
using  the  same  criteria  as  for  ECIP.  ECAH  and  ECIP  will  be  con¬ 
sidered  synonymous  in  this  Scope  of  Work. 


3.  PRPJEgT  HAMAG 


3.1  Project  Managers.  The  AE  shall  designate  a  project 
manager  to  serve  as  a  point  of  contact  and  liaison  for  all  work 
required  under  this  contract.  Upon  the  award  of  the  contract, 
this  individual  shall  be  Immediately  designated  in  writing.  The 
AE's  designated  project  manager  must  be  approved  by  the  Contract¬ 
ing  Officer  prior  to  commencement  of  work.  This  designated  in¬ 
dividual  shall  be  responsible  for  complete  coordination  of  work 
required  under  this  contract.  The  Contracting  Officer  will 
designate  a  project  manager  to  serve  as  the  Government's  point  of 
contact  and  liaison  for  all  work  required  under  this  contract. 
This  individual  will  be  the  Government's  representative. 


3.2  Installation  AssistflUgg*  A  coordinator  designated  by 
the  Commanding  Officer  at  each  installation  will  serve  as  the 
point  of  contact  for  obtaining  available  information  and  assist- 
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-Ing  ir  contacts 

ganizations  necessary  to 
this  contract. 


with  the  p'  oer  individuals  and  or- 
accoaplish  the  work  required  under 


3.3  filial psur?g.  The  AE  shall  nake  no  public  an¬ 
nouncements  or  disclosures  relative  to  information  contained  or 
developed  under  this  contract,  except  as  authorized  by  the  Con-' 
tracting  Officer.  j  , 


3.4  M#?tingg«  Meetings  will  be  scheduled  whenever  requested 
by  the  AE  or  the  Contracting  Officer  for  the  resolution  of  ques¬ 
tions  or  problems  encountered  in  the  performance  of  the  work. 
The  AE  and/or  the  designated  representative (s)  shall  be  required 
to  attend  and  participate  in  all  meetings  pertinent  to  the  work 
required  under  this  contract  as  directed  by  the  Contracting  of¬ 
ficer.  These  meetings,  if  necessary,  are  in  addition  to  the 
presentation  and  review  conferences* 


3.5  fiils  Inspect jong,  Investigations.  The  AE, 
consultants,  if  applicable,  and/or  designated  representative (s) 
thereof  shall  visit  and  Inspect/investigate  the  site  of  the 
project  as  necessary  and  required  during  the  preparation  and  ac¬ 
complishment  of  the  work. 


3.6  Eecords 

3.6.1  The  AE  shall  provide  a  record  of  all  significant  con¬ 
ferences,  meetings,  discussions,  verbal  directions,  telephone 
conversations,  etc. ,  with  Government  representative (s)  relative 
to  this  contract  in  which  the  AE  and/or  designated 
representative (s)  thereof  participated.  These  records  shall  be 
dated  and  shall  Identify  the  contract  number,  and  mbdification 
number,  if  applicable,  participating  personnel,  subject  discussed 
and  conclusions  reached.  The  AE  shall  forward  to  the  Contracting 
®^^icer  within  ten  calendar  days,  a  reproducible  copy  of  the 
records. 


3.6.2  The  AE  shall  provide  a  record  of  requests  for  and/or 
receipt  of  Government-furnished  material,  supplies,  data,  docu¬ 
ments,  information,  etc.,  which  If  not  furnished  in  a  timely  man¬ 
ner,  would  significantly  impair  the  normal  progression  of  work 
under  this  contract.  The  record  shall  be  dated  and  shall  iden¬ 
tify  the  contract  number  and  modification  number,  if  applicable. 
The  AE  shall  forward  to  the  Contracting  Officer  within  ten  calen¬ 
dar  days,  a  reproducible  cc^y  of  the  record  of  request  or  receipt 
of  material. 

3.7  Interviews.  The  AE  and  the  Government's  representative 
shall  conduct  entry  an  exit  interviews  with  the  Director  of  En¬ 
gineering  and  Housing  before  starting  work  at  the  facility  and 
completion  of  the  field  work.  The  Government's  representa¬ 
tive  shall  schedule  the  interviews  at  least  one  week  in  advance. 
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3.7.1  Entry.  The  entry  interview  shell  thoroughly  brief  end 
^tecribe  the  intended  procedures  for  the  survey  end  shell  be  con^* 
Vcted  prior  to  commencing  work  et  the  fecility.  As  e  minimum, 
the  interview  shell  cover  the  following  points: 


a.  Schedules. 

b.  Names  of  energy  analysts  who  will  be  conducting  the 
survey. 

e.  Proposed  working  hours. 

d.  Support  requirements  from  the  Director  of  Engineering  end 
Housing. 

3.7.2  Exit.  The  exit  interview  shall  include  a  thorough 
briefing  describing  the  items  surveyed  and  probable  areas  of 
energy  conservation.  The  interview  shell  also  solicit  input  and 
advice  from  the  Director  of  Engineering  and  Housing. 

4..  SERVICES  AND  HATERIALS.  All  services,  supplies,  materials 
(except  those  specifically  enumerated  to  be  furnished  by  the 
Government) ,  plant,  labor,  testing  equipment,  superintendence  and 
travel  necessary  to  perform  the  work  and  render  the  data  rec[uired 
under  this  contract  shall  be  included  in  the  lump  sum  price  of 
the  contract. 

*  PROJECT  DOCUMENTATION .  All  energy  conservation  opportunities 
Ich  the  AS  has  considered  shall  be  included  in  one  of  the  fol¬ 
lowing  categories  and  presented  as  such  in  the  report: 

5.1  ECIP  Projects.  To  qualify  as  an  ECIP  project,  an  ECO, 
or  several  ECOs  which  have  been  combined,  must  have  a  construc¬ 
tion  cost  estimate  greater  than  $200,000,  a  Savings  to  Investment 
Ratio  greater  than  one  and  a  simple  payback  period  of  less  than 
eight  years.  For  ECAM  projects  the  .$200,000  limitation  may  not 
apply.  The  AE  shall  check  with  the  installation  for  guidance. 
The  overall  project  and  each  discrete  part  of  the  project  shall 
have  a  SIR. greater  than  one.  . 


A  Life  Cycle  Cost  Analysis  Summary  Sheet  shall  be 
developed  for  each  ECO  and  for  the  overall  project  When  more  than 
one  ECO  is  coxobined.  For  projects  and  ECOs  updated  or  developed 
from  the  previous  studies,  the  backup  data  shall  consist  of 
copies  of  the  original  calculations  and  analysis,  with  new  pages 
revising  the  original  calculations  and  analysis.  In  addition, 
the  backup  data  shall  include  as  much  of  the  following  as  is 
available:  the  increment  of  work  the  project  or  ECO  was 
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developed  unufer  In  the  previous  study,  title 

the  energy  to  cost  (E/C)  ratio  the  hena#4^4>  ^he 
(B/C)  ratio,  the  current  working'  estinate  /cWE)  and*the 

Inforaation  shall  be  included^ ^p'art  of^the^^bJckSo 
data.  The  purpose  of  this  information  is  to  provide  a  means  to 
prevent  duplication  of  projects  in  any  future  reports. 


ECIP^  er  j  I  Projects  Which  normally  do  not  meet 

overall  SIR  greater  than  one 
cvele  coBt  Packaged  and  fully  documented.  The  Life 

SSudim^iJe^s  be  completed  through  and 

to  ioti^24ii  projects  or  ECOs.  Each  shall  be  analyzed 

to  determine  if  they  are  feasible  even  if  they  do  not  meet  ECIP 

thP  ,  ^^515  projects  or  ECOs  which  meet  this 

fillJd^out^^w4th^*ii^+®K*  Analysis  Summary  Sheet,  completely 

filled  out,  yith  all  the  necessary  backup  data  to  verify  the  num- 

bers  presented,  a  complete  description  of  the  project  and  the 
simple  payback  period  shall  be  included  in  the  report.  ^ 
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•  5.3  t  HanfgPsiMt  nggg.  All  ECO*  which  th®  AE  has  considered 

jit  which  are  not  feasible,  shall  be  documented  in  the  report 
ith  the  reasons  and  justifications  shoving  why  they  were 
jr0y  0cx»9cl  e 


6.  CETAILEP  &SQSL  fiE  KgRKt  The  general  Scope  of  Work  is  in- 
tended  to  apply  to  contract  efforts  for  all  Army  boiler  and 
Chiller  plants  except  as  modified  by  the  detailed  Scope  of  Work 
for  each  specific  installation.  The  detailed  Scope  of  Work  is 
contained  in  Annex  B. 


7.  ZQ  ££  ACCOHPLTSHllD 


7.1  PgtanniTig  Efficiency 

Boilers.  The  efficiency  of  the  existing  boiler  in¬ 
stallation  shall  be  determined  by  field  testing.  The  AE  shall 
provide  equipment  and  perform  tests  in  the  field  to  establish  the 
efficiency  of  the  boilers.  The  tests  are  intended  to  determine 
the  efficiency  of  the  boilers  as  they  are  actually  being 
operated.  The  AE  shall  document  any  changes  made  to  controls  or 
equipment  during  boiler  efficiency  tests. _ 


I  j  ^  ^  The  AE  shall  submit  the 

proposed  test  procedure  and  testing  laboratory  to  the  Contracting 
j  Officer  for  approval.  Based  upon  the  results  of  the  tests,  any 
1 .  JJpaicated  areas  of  improvement  or  equipment  modification  shall  be 
I  hi'alyzed.  The  study  shall  establish  equipment  operating 

I  data  baselines,  system  efficiency  modeling,  and  evaluate  plant 

j  and  unit  loading  profiles  versus  equipment  capacities.  The 

I  Government  will  furnish  fuel,  utilities,  other  consumables,  and 
provide  personnel  to  operate  the  plant  during  testing.  All  test 
and/or  measurement  equipment  shall  be  properly  calibrated  prior 
to  its  use. 


7.1.2  Chillers.  The  efficiency  of  the  existing  chiller 
Si  4  shall  be  analyzed  and  evaluated  to  determine  if  system  ef- 
ficiency  can  be  Improved  or  energy  saving  improvements  imple¬ 
mented.  The  efficiency  of  the  existing  chillers  shall  be  calcu¬ 
lated  using  standard  methods.  Meters  shall  be  used  to  obtain  the 
necessary  data  to  calculate  efficiency.  The  AE  is  responsible 
for  any  metering  necessary.  If  meters  are  existing,  they  may  be 
used  if  their  validated  accuracy  is  within  the  limits  specified 
meters  ^re  present,  the  AE  is  responsible  for  In- 
stalling  temporary  meters.  Permanent  taps  or  connectors  shall  be 
installed  so  as  to  cause  minimal  disruptions  to  the  system, 
wlbrasonic  metering  may  be  used.  All  meters  used  must  have  an 
*®®y*’»cy  of  +  2  percent  and  a  statement  to  that  effect,  signed  by 
J5^i  testing  laboratory  must  be  included  in  the  report. 

****®^**'®y  bests  shall  be  made  at  normal  operating  parameters. 
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7.2 


gUrYW*£atigtlnq  Plants 

7.2.1  The  condition  of  the  existing  plant  shall  be  studied, 
documented,  and  evaluated,  possibilities  of  repairing  or  replac¬ 
ing  equipment  or  revising  systems  which  will  result  in  improved 
efficiency  or  reduced  cost  of  operation  shall  be  investigated* 


7.2.2  The  existing  control  system  will  be  investigated, 
evaluated  and  documented  to  determine  if  equipment  can  be  im¬ 
proved  through  upgrading,  adjustment,  repair  or  replacement,  and 
if  an  alternate  control  system  would  increase  efficiency.  If  an 
alternate  system  is  recommended,  interim  Improvements  to  existing 
controls  shall  also  be  recommended,  if  applicable.  Engineering 
and  economic  analysis  shall  be  developed.  New  controls  proposed 
shall  be  Energy  Monitoring  and  Control  Systems  (EHCS)  compatible. 
Corps  of  Engineers  Guide  Specification  (CEGS)  13946,  Building 
Preparation  for  EMCS,  shall  be  used  as  a  standard  for  an  inter¬ 
face  to  the  existing  plant.  If  an  EMCS  exists,  interaction  be¬ 
tween  this  system  and  proposed  modifications  shall  be  clearly 
defined.  The  AE  shall  notify  the  DEH  at  least  ten  days  prior  to 
any  pending  outages  of  ec[ulpment  and  obtain  concurrence  prior  to 
proceeding  with  any  work. 


7.2.3  The  present  boiler  and  chiller  operation  and  main¬ 
tenance  practices  shall  be  reviewed,  documented,  and  evaluated 
with  the  intent  to  increase  efficiency.  The  alternatives  and 
recommendations  shall  be  developed,  evaluated,  and  documented  in 
the  report.  Recommendations  shall  be  in  sufficient  detail  so 
that  they  can  be  quickly  implemented.  Detailed  engineering  and 
economic  analysis  of  these  actions  are  not  required,  however,  a 
description  and  evaluation  of  these  recommendations  will  be  in¬ 
cluded  in  the  report. 

7.3  Identify  ECOs.  All  methods  of  energy  conservation  which 
are  reasonable  and  practical  shall  be  considered,  including 
operational  methods  and  procedures  and  maintenance  practices  as 
well  as  physical  facilities.  A  list  of  energy  conservation  op¬ 
portunities  is  included  as  Annex  A  to  this  scope.  This  list  is 
not  intended  to  be  restrictive  but  only  to  assure  that  at  least 
these  opportunities  are  considered,  discussed  and  documented  in 
the  report.  Each  of  the  items  shall  considered  and  discussed  in 


the  report.  Those  items  on  the  list  which  are  not  practical, 
have  been  previously  accomplished,  are  inappropriate  or  can  be 
eliminated  from  detailed  analysis  based  on  preliminary  analysis 
shall  be  listed  in  the  report  along  with  the  reason  for  elimina¬ 
tion  from  further  analysis.  All  potential  ECOs  which  are  not 


eliminated  by  preliminary  considerations  shall  be  thoroughly 
documented  and  evaluated  as  to  the  technical  and.  economic 


feasibility.  The  A£  shall  provide  all  data  and  calculations 
needed  to  support  the  recommended  ECO.  All  assumptions  shall  be 
clearly  stated.  Calculations  shall  be  prepared  showing  how  all 
nimbers  in  the  ECO  were  figured.  Calculations  shall  be  an  or- 
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derly  step-by-step  progression  from  the  first  assumption  to  the 
final  number.  Descriptions  of  the  products^  manufacturers 
Jjllalog  cuts,  pertinent  drawings  and  sketches  shall  also  be  in- 
WBded.  A  Life  Cycle  Cost  Analysis  Summary  Sheet  shall  be 
prepared  for  each  ECO  and  included  as  part  of  the  supporting 
data. 


7.4.  (Deleted) 


7,5  (Deleted) 


I 

I 
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7.6  Submittals,  Presentations  find  BgYifiwg*  The  work  ac¬ 
complished  shall  be  fully  documented  by  a  comprehensive  report. 

The  report  shall  have  a  table  of  contents  and  be  indexed.  Tabs 
and  dividers  shall  clearly  and  distinctly  divide  sections,  sub¬ 
sections,  and  appendices.  All  pages  shall  be  numbered.  The  A£,,  , 
shall  give  a  formal  presentation  of  all  but  the  final  submittal  *  ' 
to  installation,  command,  and  other  Government  personnel.  The  AE  .1. 
shall  prepare  slides  or  view  grapns  shoving  the  results  of  the  '' 
study  to  date  for  his  presentation.  During  the  presentation,  the 
personnel  in  attendance  shall  be  given  ample  opportunity  to  ask  . 
questions  and  discuss  any  changes  deemed  necessary  to  the  study. 

A  review  conference  will  be  conducted  the  same  day,  following  the.,, 
presentation.  Each  comment  presented  at  the  review  conference 
will  be  discussed  and  resolved  or  action  items  assigned^  The  AEi,,;  , 
shall  provide  the  comments  from  all  reviewers  and  written 
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action  taken  on  each  coninent  to  all  revlevlns 

^cipated  that  ^ach  presentation  and  review  conference  will  re- 

fcfJrSS?M^ilii®Kl  one  ^working  day.  The  presentation  and  review 
OTnf^ences  will  be  at  the  installation  on  the  datefs)  agreeable 
to  the  Director  of  Engineering  and  Housing,  the  XE  and  the 
Cov.rn«ent 'a  representative.  The  Contractlng®Offi?er  mv  MouiM 

docunent(a).  if  aueh  doIu»ent(a)  Irl  Sot^Jp! 
proved  because  they  are  detemined  by  the  Contracting  Officer  to 
be  Inadequate  for  the  Intended  purpose.  «^«ccing  oiiicer  to 

interim  Submittal.  An  interim  report  shall  be  sub- 
review  after  completion  of  the  field  survey  and  an 
Performed  on  all  of  the  ECOs.  The  report  shall 
indicate  tte  work  which  has  been  accomplished  to  date,  illustrate 

taln”a^lln  o”/  f ^  approaches  taken  and  con- 

^^®  ''ork  remaining  to  complete  the  study,  cal- 

ECoS^ihall®*hm  savings  and  SiRs  of  all  the 

w  f,  1?®^^  ^^®  simple  payback  period  of  all  ECOs 

the^SeoB/fiV^’u^V*^  “r**  shown  in  the  report.  The  AE  shall  submit 
In  “Ossifications  to  the  Scope  of  Work  as 

an  appendix  to  the  report.  A  narrative  summary  describing  the 
work  and  results  to  date  shall  be  a  part  of  this  submittal. 
During  the  review  period,  the  Government's  representative  shall 

mrovidr*the  Engineering  and  Housing  and 

provide  the  AE  with  direction  for  packaging  or  combining  ECOs  for 

purposes  and  also  indicate  the  fiscal  year  for  which 

— S^®  P>^05rrs®®ing  or  implementation  documentation  shall  be 
^^|6par6ae 


eo»pl.t.a  aurlng  thi.  audit  .hall  b.  submittad  wUh  thU  ^rt! 

only  ®ay  he  submitted  in  final  form  with  this 
V  4.  should  be  clearly  marked  at  the  time  of  submis- 
sion  that  they  are  to  be  retained.  They  shall  be  bound  in  a 
standard  three-ring  binder  which  will  allow  repeated  disasse^ly 
and  reassembly  of  the  material  contained  within.  ^ 

4.v_  Prefinal  Submittal.  The  AE  shall  prepare  and  sxibmit 

the  prefinal  report  when  all  work  under  this  contract  is  com- 
Jh®^^  shall  submit  the  Scope  of  Work  for  the  installa- 
any  modifications  to  the  Scope  of  Work  as  an  ap- 
submittal.^  The  report  shall  contain  a  narrative 
summary  of  conclusions  and  recommendations,  together  with  all  raw 

•ourcl.  of  Inforiitl”! 
-S!i?  *5  ^  integrate  all  aspects  of  the  study.  The  report 

priority  by  SIR  in  which  the  recom- 
accomplished.  The  synergistic  effects  of 
one  another  shall  have  been  determined  and  the 
results  of  the  original  calculations  adjusted  accordingly. 
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The  prefinal  report,  eeparately  bound 
£}iecutlve  Suitonary  and  all  appendices  shall  ^be  bound  in  standard 
three-ring  binders  which  will  allow  repeated  disassembly 
-neAssembly,  The  prefinal  submittal  shall  be  arranged  to  include 
(a)  a  separately  bound  Executive  Summary  to  give  a  brief  overview 
of  what  was  accomplished  and  the  results  of  this  study 
ofaphs,  tables  and  charts  as  much  as  possible  (See  Annex  D  for 
minimum  requirements),  (b)  the  narrative  report  containing  a  copy 
of  "the  Executive  Summary  at  the  beginning  of  tte  volume  and 
describing  in  detail  what  was  accomplished  and  the  results  of 
this  study,  (c)  appendices  to  include  the  detailed  calculations 

and  all  backun  natarial.^'^^^  projaota  and  SCOa  dav.lopad 

during  this  study  shall  be  included  in  the  Executive  Summary  and 
shall  include  the  following  data  from  the  *^9®^ 

Analvsis  Summary  Sheet:  the  cost  (construction  plus  SIGH),  toe 

annual  energy  savings  (type  and  /*3ie*\-alys^^ 

savings,  the  SIR,  the  simple  payback  period  and  the  analysis. 

date. 


-  7.6.3  Final  Submittal.  Any  revisions 

resulting  from  comments  made  during  the  review  of  the  prefinal 
report  or  during  the  presentation  and  review 

incorporated  into  the  final  report.  These  revisions  ®®"®® 
tions  may  be  in  the  form  of  replacement  pages,  which  ®®y  ^® 
serted  in  the  prefinal  report,  or  complete  new  volumes.  P®” 
ink  changes  or  errata  sheets  will  not  be  acceptable.  If 
ment  jages  are  to  be  issued,  it  shall  be  clearly  ■.^®^®^ 
prefinal  submittal  that  the  submitted  documents  will  be  changed 
only  to  comply  with  the  comments  made  during  ^^® 

■^c!  and^^at  the  volumes  issued  at  ^he  time  of  the  prefinal 
submittal  should  be  retained.  Failure  to  do  ®° 

.  resubmission  of  complete  volumes.  If  "®''  y°^'“”®®.  ®5^_, , 
they  shall  be  in  standard  three-ring 
ail  the  information  presented  in  the 

n^^ssary  changes  made.  Detailed  S“^t°r2Sucl^ 

ihe  replacement  pages  should  be  securely  attached  to  the  replace 

ment  pages. 


8*.  OPERATpN  AHD  BAIHIEHMCE 

items  noted  during  the  study,  which 
explain  the  savings  possible. 


#  The  contractor  will  Identify  operational 
will  effect  energy  conservation,  and  will 
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ANNEX  A 


GENERAL  ENERGY  CONSERVATION  OPPORTUNITIES 
AND  OTHER  CONSIDERATIONS 

General  Energy  Conservation  Opportunities: 
o  Controls  to  assure  proper  combustion  air-fuel  ratio, 
o  Installation  of  new  burner  equipment, 
o  Economizers/air  preheaters. 

o  Loading  characteristics  and  scheduling  versus  equipment 
capacity  (equipment  optimization) . 

o  Control  systems  to  operate  chillers  at  their  most  energy 
efficient  operating  condition. 

o  Variable  or  two-speed  cooling  tower  fan. 

o  Storage  of  chilled  water. 

o  High  efficiency  motors. 

o  Instruments  and  controls  to  facilitate  efficient  operations, 
o  Use  smaller  boilers  where  load  has  been  reduced, 
o  Replace  inefficient  boilers  with  more  efficient  boilers. 
Replace  inefficient  chillers  with  more  efficient  chillers. 


o 


o 


i  > 


Generate  electricity  on-site  with  natural  gas  turbine  engines 
and  reclaim  heat  from  those  engines  to  produce  steam  for  steam 
turbine  chillers  or  domestic  hot  water/steam. 

o  Use  natural  gas  engine  driven  chillers  and  reclaim  heat  from 
engines  and  condensers  to  produce  domestic  hot  water. 


Other  Considerations  (General  Overview  Only) : 

o  Provide  the  general  impact  on  efficiency  and  capacity  of 
changing  the  refrigerant  to  an  environmentally  safe 
refrigerant . 

o  Generally,  determine  the  extent  of  equipment  modifications 
,  (*0*  rings,  gaskets,  motor  stators,  controls,  etc.)  required 

♦  for  a  new  refrigerant. 

o  Generally,  determine  special  life  safety  features  required 
when  new  refrigerants  are  used  (sensors,  alarms,  ventilation, 
etc . ) . 
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ANNEX  B 


f  ^ 


DETAILED  SCOPE  OF  WORK 


1.  General .  This  Detailed  Scope  of  Work  supplements  the  General 
Scope  of  Work  and  provides  information  and  requirements  specific 
to  the  Energy  Survey  of  Army  Boiler  and  Chiller  Plants  at  Fort 
Sill.  Any  conflicts  in  requirements  between  the  General  and 
Detailed  Scopes  of  Work  will  be  resolved  by  the  Corps  of 
Engineers  Project  Manager. 

2.  Boiler/Chiller  Plants  to  be  Surveyed.  Attachment  1 
(Boiler/Chiller  Plant  List)  to  this  Annex  B  lists  the 
boiler/chiller  plants  (in  priority  order)  to  be  surveyed  under 
this  contract.  The  Architect-Engineer  (AE)  will  verify  the 
pertinent  data  in  Attachment  1  and  develop  a  testing  plan  for 
each  boiler/chiller.  Those  plans  will  outline  the  details  of  any 
modif ications/attachments  to  plant  equipment  required  in  the 
tests  and  the  plans  will  be  provided  to  Fort  Sill  DEH  for  review 
and  approval.  The  AE  will  comply  with  Occupational  Safety  and 
Health  Administration  (OSHA)  Asbestos  Standards  ISlO.lOOl  and 
1926.58  and  40  CFR  61(m)  in  conducting  any  work  involving 
asbestos.  The  AE  will  also  address  the  Special  Considerations 
outlined  in  Attachment  1  and  present  the  findings  in  the  report. 

3.  Previous  Boiler/Chiller  Plant  Studies.  As  outlined  in  the 
General  Scope  of  Work,  the  AE  shall  update  boiler/chiller 
projects  recommended  in  previous  studies  if  they  have  not  been 
implemented  or  programmed.  The  statuses  of  those  previously 
recommended  projects  are  as  follows: 

a.  Central  Energy  Plant  Nos.  445,  462,  730,  913,  1603,  and 
1653  to  be  replaced  by  single  600  Area  central  energy  plant  -- 
neither  implemented  nor  programmed. 

b.  Chilled  Water  Plant  No.  2471  (serving  barracks  Nos.  2470 
and  2471)  to  be  replaced  with  extension  of  chilled  water  piping 
from  Plant  No.  3442  --  designed,  but  not  funded. 

c.  Central  Energy  Plant  Nos.  5900  and  6003  to  be  expanded 
to  serve  future  facilities  —  Plant  No.  5000  expansion  has  been 
completed:  however,  further  expansion  using  waste  oil/sludge 
fired  boilers  has  been  considered  —  Plant  No.  6003  expansion  has 
neither  been  implemented  nor  programmed. 

4.  Government  Furnished  Information.  The  following  information 
will  be  furnished  as  required  and  upon  request  of  the  AE: 

a.  Previously  completed  studies  performed  iinder  the  Energy 
Engineering  Analysis  Program  (EEAP)  and  other  programs.  The  AE 
may  review  study  availability  at  Fort  Sill  DEH  Energy  Office. 
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b.  Fort  Sill  Energy  Besources  Manegement  Plan. 

c.  ETL  1110-3-282,  Energy  Conservation. 

d.  ETL  1110-3-301,  Entrance  Doors  to  Heater/Boiler  Booms. 

e.  ETL  1110-3-310,  Procedures  lor  Programming  Energy 
Monitoring  and  Control  Systems  (EMCS)  Funded  Through  the  MCA 
Program. 

1.  ETL  1110-3-332,  Economic  Studies. 

g.  ETL  1110-3-354,  Direct  Digital  Control  of  Heating, 
Ventilation  and  Air  Conditioning  (HVAC)  Systems. 

h.  Office,  Chief  of  Engineers  Architectural  and  Engineering 
Instructions,  July  1060. 

I.  Energy  Conservation  Investment  Program  (ECIP)  Guidance, 
dated  25  April  1088  and  revision  dated  15  June  1089. 

J.  Information  on  Existing  EMCS  Studies,  Designs, 
Construction  Contracts,  or  Operating  Systems. 

k.  TM  5-705,  Engineering  Weather  Data. 

l.  TM  5-800-2,  General  Criteria  Preparation  of  Cost 
Estimates . 

m.  TM  5-800-3,  Project  Development  Brochure. 

n.  TM  5-815-2,  Energy  Monitoring  and  Control  Systems 
(EMCS) . 

o.  AK  415-15,  Military  Construction  Army  (MCA)  Program 
Development . 

p.  AB  415-17,  Cost  Estimating  for  Military  Programming. 

q.  AR  415-20,  Construction,  Project  Development  and  Design 
Approval . 

r.  AR  415-20,  Department  of  the  Army  Facility  Classes  and 
Construction  Categories. 

s.  AR  415-35,  Construction,  Minor  Construction. 

t.  AR  420-10,  General  Provisions,  Organization,  Functions, 
and  Personnel. 

u.  AR  11-27,  Army  Energy  Program. 

V.  AR  5-4,  Change  No.  1,  Depart  of  the  Army  Productivity 
Improvement  Program. 

w.  HNDSP-84-076-ED-ME,  Preliminary  Survey  and  Feasibility 
Study  for  Energy  Monitoring  and  Control  Systems. 

X.  NCEL  CR  82.030,  Standardized  EMCS  Energy  Savings 
Calculations. 

y.  HNDSP88-207-ED-ME,  HNDSP88-20B-ED-ME ,  HNDSPeB-209-ED-ME * 
and  HNDSP88-210-ED-ME,  EMCS  Cost  Estimating  Guides. 

z.  Latest  applicable  Engineering  Improvement  Recommendation 
System  (EIRS)  Bulletin. 

aa.  Example  of  a  correctly  completed  implementation 
document  for  a  project. 

.  A  computer  program  titled  Life  Cycle  Costing  in  Design 
(LCCID)  is  available  from  the  BLAST  Support  Office  in  Urbane, 
Illinois  for  a  nominal  fee  to  AE.  This  computer  program  can  be 
used  for  performing  the  economic  calculations  for  ECIP  and  non— 
ECIP  ECOs.  The  AE  is  encouraged  to  obtain  and  use  this  computer 
program  The  BLAST  Support  Office  can  be  contacted  at  144 
Mechanical  Engineering  Building.  1206  West  Green  Street,  Urbane, 
Illinois  61801.  The  telephone  number  is  (217)  333-3977. 
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5.  Submittals.  The  AE  will  make  Interim,  Prefinal,  and  Final 
submittals  of  the  work  under  this  contract  as  outlined  in  the 
General  Scope  of  Work.  Attachment  2  (Submittal  List)  to  this 
Annex  B  lists  the  receiving  offices,  addresses,  and  number  of 
copies  for  each  submittal.  The  AE  will  make  submittals  directly 
to  the  offices  listed  with  a  copy  of  the  transmittal  letter  to 
the  Tulsa  District  Project  Manager. 

6.  Delivery  Schedule.  The  schedule  for  completing  work  under 
this  contract  is  somewhat  dependent  on  when  the  peak  cooling  and 
peak  heating  periods  occur  at  Fort  Sill.  The  following  target 
milestones  are  based  on  boiler  tests  being  completed  by 

1  March  1991.  Chiller  tests  will  be  conducted  during  the  summer 
of  1990. 

Item  Date 


Award  AE  Contract 
Interim  Submittal 
Interim  Submittal  Comments 


24  Aug  1990 
1  May  1991 
31  May  1991 


Prefinal  Submittal 


1  Aug  1991 


Prefinal  Submittal  Comments 


30  Aug  1991 


Final  Submittal 


30  Sep  1991 


7.  Project  Manaaers/Coordinators.  The  following  persons  will 
serve  as  points  of  contact  and  liaison  for  all  work  required 
under  this  contract: 


AE:  (As  designated  at  time  of  contract  award) 

Tulsa  District:  Merle  London 

US  Army  Engineer  District^  Tulsa 
ATTN:  CESWT-EC-PF 
PO  Box  61 

Tulsa,  OK  74121-0061 
Tele.  No.  (918)  581-7991 
FAX  (918)  581-7365 


Fort  Sill:  Gary  Basham 

US  Army  Field  Artillery  Center  and  Fort  Sill 

ATTN:  ATZR-EE 

Fort  Sill,  OK  73503-7200 

Tele.  No.  (405)  351-3517 

FAX  (405)  351-6923 
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ANNEX  B  -  ATTACHMENT  1 


BOILER/CHILLER  PLANT  LIST 


Item  : 

Plant  : 

No.  Chillers*  : 

Tons  : 

No.  Boilers*  : 

MBTU 

Base 

5900 

5  (F) 

2000 

6  (F) 

65.20 

Base 

6003 

3  (F) 

1300 

3  (F) 

16.20 

Base 

730 

3  (F) 

1440 

4  (F) 

15.99 

Opt  1 

2812 

1  (F) 

372 

3  (F) 

6*03 

Opt  2 

4701 

2  (F) 

610+ 

3  (F) 

- 

Opt  3 

5676 

1  (P) 

375 

2  (P) 

2.98 

Opt  4 

5678 

1  (P) 

190 

2  (P) 

3.95 

Opt  5 

3442 

2  (P) 

1200 

No  Boilers 

- 

Opt  6 

914 

1  (P) 

400 

4  (P) 

—  . 

Opt  7 

1603 

1  (P) 

345 

4  (M) 

- 

Opt  8 

3040 

1  (P) 

350 

2  (P) 

- 

Opt  9 

500 

1  (P) 

110 

1  (P) 

- 

Opt  10 

1490 

1  (P) 

150 

2  (P) 

- 

NOTE; 

Above  data  were  extracted  from  existing  records  and 

contain  errors/omissions.  A-E  and  Government  will  jointly  verify 
the  data  prior  to  contract  negotiations. 

*  (F)  *=  Full  Test,  as  detailed  in  Pre-Negotiation  minutes. 

(P)  =  Partial  Test,  as  detailed  in  Pre-Negotiation  minutes. 

(M)  =  Minimum  Test,  as  detailed  in  Pre-Negotiation  minutes. 


Annex  B  -  Attachment  1 


ANNEX'S  -  ATTACHMENT  1  (Cent.) 


Slant  No.  730:  Determine  If  capacity  of  plant  la  sufficient  to 
serve  additional  buildings. 


Plants  Nos.  5676  and  5676:  Determine  the  feasibility  of 
Interconnecting  these  two  plants. 


Plant  No.  3442:  Explore  opportunity  for  central  heating  plant. 
This  proposition  was  investigated  in  previous  studies. 


Plant  No.  614:  Determine  feasibility  of  using  one  boiler  to 
serve  four  buildings  (similar  to  single  chiller  in  plant). 


Plant  No.  4701:  Plant  was  designed  for  hospital  use,  but  is  to 
be  now  used  for  other  purposes.  Consider  downgrading  system  to 
low  pressure  steam  and  use  excess  capacity  elsewhere. 


Annex  B  *  Attachment  1 


ANNEX  B  -  ATTACHMENT  2 


SUBMITTAL  LIST 

FOBT  SILL  BOILER/CHILLER  SURVEY 


Organization  Submittals 

USAED.  Tulsa 

ATTN:  CESWr-EC-PF/London 

PO  Box  61 

Tulsa,  OK  74121-0061  5  cys  -  all  submittals 


USAED,  Southwestern 
ATTN;  CESWD-ED-MM/Hasley 
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ANNEX  D 


EXECUTIVE  SUMMARY  GUIDELINE 


1.  Introduction. 

2.  Boiler  Data.  (Number,  sizes,  efficiency,  etc.) 

3.  Present  Energy  Consumption. 

o  Total  Annual  Energy  Used. 

o  Source  Energy  Consumption. 

Electricity  -  KWH,  Dollars,  BTU 
Fuel  Oil  GALS,  Dollars,  BTU 

Natural  Gas  THERMS,  Dollars,  BTU 
Propane  ~  GALS,  Dollars,  BTU 

Other  -  QTY,  Dollars,  BTU 

o  Energy  Consumption  by  Systems. 

4.  Historical  Energy  Consumption. 

5.  Energy  Conservation  Analysis, 

o  ECOs  Investigated. 

o  ECOs  Recommended. 

o  ECOs  Rejected.  (Provide  economics  or  reasons) 

o  ECIP  Projects  Developed.  (Provide  list)* 

o  Non-ECIP  Projects  Developed.  (Provide  list)* 

o  Operational  or  Policy  Change  Recommendations. 

*  Include  the  following  data  from  the  Life  Cycle  Cost 
Analysis  Summary  Sheets  the  cost  ( const sruct ion  plus  5I0H) ,  the 
annual  energy  savings  (type  and  amount) ,  the  annual  dollar 
savings,  the  SIR,  the  simple  payback  period  and  the  analysis 
date.  For  all  programmed  projects  also  include  the  year  in  which 
it  is  programmed  and  the  programmed  year  cost. 

6.  Energy  and  Cost  Savings. 

o  Total  Potential  Energy  and  Cost  Savings. 

o  Percentage  of  Energy  Conserved. 
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o  Energy  Use  and  Cost  Before  and  After  the  Energy  Conserva¬ 
tion  Opportunities  are  Implemented. 

7.  Energy  Flan. 

o  Project  Breakouts  with  Total  Cost  and  SIR. 
o  Schedule  of  Energy  Conservation  Project  Implementation. 


==  EMC  ENGINEERS.  INC. 
iVlL!  2750  S.  Wadsworth  Blvd.,  Suite  C-200 
■■■  i  Denver,  Colorado  80227 
303/988-2951 

CONFIRMATION  NOTICE 

CONFIRMATION  NOTICE  NO.  1 

DATE:  5  July  1990 

PROJECT:  Central  Energy  Plant  Study 

Ft.  Sill,  Oklahoma 

NOTES 

PREPARED  BY:  Carl  E.  Limdstrom 

EMC  Engineers,  Inc. 

DATE  OF 

CONFERENCE:  4  June  1990 

PLACE  OF 

CONFERENCE:  DEH  Office,  Ft.  Sill,  Oklahoma 


PURPOSE  OF 

CONFERENCE:  Conference  to  discuss  questioi^  related  to  the  Central  Plant  Study. 

ATTENDEES:  Carl  E.  Limdstrom,  EMC  Engineers,  Inc. 

Merle  London,  Tulsa  District,  COE 
Jerry  Schmidt,  Ft.  Sill  DEH 

CONFERENCE  NOTES: 

The  following  is  a  summary  of  the  items  discussed,  the  comments  made,  and  the 
decisions  made  during  li  .e  Conference. 

1.  The  "Scope  Reduction"  pages  were  discussed.  Mr.  Schmidt  agreed  the  scope 
reductions  seemed  reasonable  in  order  to  get  the  project  within  the  project  budget. 

2.  Mr.  Lundstrom  and  Mr.  London  went  through  the  original  scope  of  services  and 
made  corrections,  deletions,  and  changes  related  to  the  "Scope  Reduction  pages. 

3.  Mr.  London  said  he  would  revise  the  scope  and  mail  a  new  request  for  proposal. 

4.  Mr.  Lundstrom  said  he  would  start  preparing  a  revised  proposal. 


cc:  Merle  London  Gary  Basham 

Jerry  Schmidt  Carl  Lundstrom  . 
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SCOPE  REDUCTION 


The  following  proposed  scope  changes  to  the  "Energy  Survey  of  Army 
Bohir  and  c1,fufr  Plant  For  Ft.  Sill,  Oklahoma"  are  Uated  for 
Tulsa  District's  information. 


TESTING; 


Eliminate  cooling  tower  testing. 

Reduce  chiller  testing  metering  to  .  Jhil ler 

to  calculate  efficiency  performance  at  full  load,  chiller 
kSTnput,  chilled  water  flow,  chilled  ««ter  supply^and 
return  temperature,  condenser  water  flow,  and  condense 
wlJarauppfrand  return  temperature.  Flow  readings  would 
he  taken  with  ultrasonic  flow  meters. 

The  chiller  testing  would  only  involve 
one  chilled  water  and  one  condenser  water  setpoint,  p 
taking  the  single  point  pressure,  temperature,  and  kW 
measurements  as  originally  indicated. 

Interview  operators  and  report  condition.  observe 

Run  chiller  through  operating  range  to  obser 

SbS!rve°oo;ii:ng  tower  temperature  control  syatem. 


!^aWn;%r:a\“tLT^nu:lir  analyaU  m^^ 

while  boilers  is  operating  at  low  fire  and  high  fir  . 

-Record  gas  flow  to  boiler. through  existing  meters  if 

Record*  temperature,  preasure,  and  flow  data  through 

!’‘'c%"rr"Iirte*p'ar“  full  load  oapaoity  with 

^?ntervL"ro%e^\\%r%"‘*an/«UrVVondltlonof 

-  Obtain  operator  log  data  that  is  availa 


Eliminate  the  O&M  training,  and  related  materials. 


Eliminate  6  left"inoludtt" 

opportunities  (SCO's)  identified.  ECO  s  lett 

“  Replacement  of  boilers. 

-  Control  systems. 

-  Installation  of  new  burners. 
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-  Economizer/Air  Preheater. 

-  High  efficiency  motors. 

Eliminate  5  of  10  chiller  ECO'a  identified.  ECO’a  left 
include : 

-  Replacement  of  chillers. 

-  Control  systems. 

”*  Variable  and  two  speed  motors 

Storage  of  chilled  water  or  other  thermal  storage 

systems. 

-  High  efficiency  motors. 

Eliminate  all  cooling  tower  ECO’s. 

Eliminate  cooling  tower  computer  modeling 
Eliminate  analysis  of  impact  on  existing  chillers  due  to 
changing  the  refrigerant  to  an  environmentally  safe 
refrigerant  and  related  requirements. 

REPORT  DEVELOPMENT! 

o  Eliminate  programming  document  preparation, 

o  Eliminate  implementation  document  preparation, 

o  Eliminate  O&M  training  manual  development. 


I  c : \ jobs \ pi Of . 12\ scope .wp ] 
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CONFIRMATION  NOTICE 


CONFIRMATION  NOTICE  NO.  2 
DATE:  26  September  1990 

PROJECT:  Energy  Survey  of  Army  Boiler  and  Chiller  Plants 

Ft.  Sill,  Oklahoma 
Contract  No.  DACA  56-90-C-0087 

NOTICE 

PREPARED  BY :  Carl  E .  Lundstrom 

EMC  Engineers,  Inc. 

This  is  to  confirm  a  conversation  on  11  September  1990  between 
Merle  London,  Project  Manager,  Tulsa  District  Corps  of  Engineers, 
and  Carl  E.  Lundstrom  regarding  documents  related  to  the  contract. 

Mr.  Lundstrom  discussed  with  Mr.  London  that  four  sets  of 
information  were  prepared  and  circulated  during  the  negotiations  of 
the  referenced  contract,  which  more  clearly  defined  and  refined  the 
scope  of  services.  Mr.  Lundstrom  wanted  to  reconfirm  that  these 
four  documents  are  made  part  of  the  contract  by  this  confirmation 
notice.  The  three  documents  are: 

•  Confirmation  Notice  No.  1,  dated  5  July  1990,  regarding 
"Scope  Reductions." 

•  Conference  Notes,  dated  1  May  1990. 

•  Basis  of  Fee,  submitted  with  fee  proposal. 

•  Test  Procedures,  dated  14  June  1990. 

Mr.  London  agreed  the  documents  are  part  of  the  contract. 

Carl  E.  Lundstrom,  P.E. 
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CONFIRMATION  NOTICE 


Confirmation  No.  3 

EMC  #3002.000 

DATE; 

February  27, 1991 

PROJECT: 

CON  lTlACr  NO; 

Energy  Survey  of  Army  Boiler  and  Chiller  Plants 

DACA  56-90-C-0087 

NOTICE 

PREPARED  BY: 

Pawn  Chulavatr 

EMC  Engineers,  Inc. 

DATE  OF 
CONFERENCE: 

February  13,  1991 

PLACE  OF 
CONFERENCE: 

Ft.  Sill,  Oklahoma 

SUBJECT; 

Exit  Interview  Meeting  Notes 

ATTENDEES: 

Merle  London  Tulsa  District  COE  (918)  581-7991 

Serge  Saltiel  DEH-Ft.  Sill  (405)  351-5708 

Jerry  Schmidt  DEH  -  Engineer  Design  (405)  351-4250 

Carl  Swenson  EMC  Engineers,  Inc.  (303)  988-2951 

Pawn  Chulavatr  EMC  Engineers,  Inc.  (404)  952-3697 

The  following  is  a  summary  of  items  discussed,  the  comments  made,  and  the  decision  made 

during  the  meeting. 

EMC  reported  the  preliminary  results  of  the  boiler  survey.  EMC  stated  that  the  combustion 
efficiency  test  of  boilers  went  well  and  only  one  boiler  is  out  of  commission  (building  4701). 
There  were  a  few  other  minor  problems  encountered.  Overall  the  test  results  were  satisfactory. 
The  preliminary  result  of  the  boiler  testing  is  averaging  around  77%  efficiency. 

Mr.  Swenson  suggests  Ft.  Sill  train  specialized  groups  of  personnel  in  testing/calibrating  boilers 
in  all  central  plants.  He  expresses  the  lack  of  permanent  instrumentation  such  as  stack 
temperature  gauge,  pump  pressure  gauge,  and  opening  for  flue  gas  testing  on  boilers  in  the 
central  plant.  Mr.  London  asked  that  these  suggestions  be  put  in  the  report.  EMC  agreed  to 
incorporate  findings  and  suggestions  into  the  report. 

EMC  described  present  operating  procedures  of  boilers  in  the  central  plants  according  to  the 
boiler  operators.  EMC  reported  that  the  only  boiler  log  data  was  obtained  from  Central  Plant 
5900.  The  other  central  plants  do  not  have  log  data. 


A-31 


CONFIRMATION  NOTICE 
February  27, 1991 
Page  2 


Mr.  Schmidt  expressed  interest  in  creating  a  central  heating  plant  as  an  addition  to  chiller 
central  plant  in  buildings  3442  and  730,  utilizing  existing  underground  piping. 


Special  Notes; 

1.  For  the  purpose  of  determining  the  base  load  on  central  plants,  EMC  is  using  the 
assumption  that  the  proposed  buildings  listed  for  the  EMCS  in  the  DD1391  Validation 
Study  will  be  connected  to  the  EMCS.  These  buildings  will  incorporate  day/night 
setback  and  other  energy  savings  associated  with  EMCS. 

2.  EMC  found  the  heating  and  cooling  log  data  was  either  known  to  be  false  (stated  by 
the  operators)  or  upon  checking,  has  been  determined  to  be  invalid.  Because  of  the  lack 
of  this  information,  EMC  will  estimate  the  loads  on  the  central  plants  based  on  BTU  per 
square  feet  data  obtained  from  previous  studies.  EMC  will  also  use  sound  engineering 
judgment  in  applying  the  historical  load  data  to  the  building  and  plants  involved  in  this 
study. 

If  this  method  is  unsatisfactory,  EMC  must  be  notified  as  soon  as  possible. 


Pawn  Chulavatr 
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CONFERENCE  NOTES 


DATE:  26  September  1990 

PROJECT:  Energy  Survey  of  Army  Boiler  and  Chiller  Plants 

Ft.  Sill,  Oklahoma 
Contract  No.  DACA  56-9l)-C-0087 

NOTICE 

PREPARED  BY:  Carl  E.  Lundstrom 

EMC  Engineers,  Inc. 

DATE  OF 

CONFERENCE:  11  September  1990 

PLACE  OF  CONFERENCE:  DEH  Conference  Room,  Ft.  Sill,  Oklahoma 
PURPOSE  OF  CONFERENCE:  Entry  Interview 

A'n'ENDEES:  Merle  London,  Tulsa  District,  Corps  of  Engineers,  (918)  581-7991 

Carl  Lundstrom,  EMC  Engineers,  Inc.,  (404)952-3697 
Carl  Swenson,  EMC  Engineers,  Inc.,  (303)  988-2951 
Kenneth  Rodgers,  DEI  I  FIVAC,  Ft.  Sill 
jerry  Schmidt,  DEH,  Ft.  Sill,  (405)  351-4250 
Doug  Cook,  DEH  Energy,  Ft.  Sill,  (405)  351-3225 

1.  Mr.  Lundstrom  provided  an  overview  of  the  scope  of  services,  including  testing,  energy 
conservation  opportunities  (ECOs),  and  documentation  of  the  plants  to  be  evaluated. 

2.  Mr.  Lundstrom  described  the  test  procedures  to  be  conducted  on  the  chillers  and  boilers. 
He  described  that  the  test  on  the  chillers  would  be  conducted  immediately  and  the  boiler 
testing  would  be  conducted  during  winter  months  (December-February). 

3.  Mr.  Lundstrom  presented  his  list  of  personnel  conducting  the  survey,  his  proposed  schedule, 
and  proposed  working  hours.  Mr.  Rodgers  saw  no  problem  providing  RVAC  shop  personnel 
for  the  proposed  survey  schedule. 

4.  Mr.  London  discussed  that  EMC  should  be  very  careful  when  removing  insulation,  so  as  to 
not  have  asbestos  problems.  Mr.  Lundstrom  agreed  with  the  situation.  Mr.  Schmidt  agreed 
to  contact  Mr.  Goode  at  Ft.  Sill  environmental  regarding  the  testing  of  insulation  for  asbestos. 

5.  Mr.  Lundstrom  asked  if  it  would  be  a  problem  to  shut  off  chillers,  or  take  load  off  of  chillers 
temporarily  so  as  to  increase  the  load  for  testing  purposes.  Mr.  Rodgers  did  not  see  a  problem 
with  this. 
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6.  Mr.  Swenson  asked  about  the  general  condition  of  chillers  and  annual  maintenance 
procedures.  Mr.  Rodgers  explained  the  chillers  are  generally  in  good  condition  and  the 
condensers  are  all  cleaned  before  each  cooling  season. 

7.  Mr.  Schmidt  emphasized  he  is  interested  in  adding  more  buildings  to  central  plants, 
especially  in  those  facilities  where  there  is  extra  cooling  capacity. 

8.  Mr.  Cook  discussed  the  Energy  Department  is  interested  in  developing  energy  conservation 
projects  for  future  funding. 

9.  Mr.  Lundstrom  agreed  to  prepare  conference  notes,  and  the  meeting  was  adjourned. 


Carl  E.  Lundstrom,  P.E. 


Enclosure;  Meeting  Agenda 
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ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 

FT.  SILL 

CONI  RACT  DACA56-90-C-0087 
ENTRY  INTERVIEW 


AGENDA 

1.  GENERAL  OVERVIEW  OF  PROJECT 

-  Testing  of  boiler  and  chillers  for  efficiency  of  plant. 

-  Determine  current  operating  procedures  of  plants. 

-  Identify  energy  conservation  opportunities  (ECO). 

-  Perform  analysis  to  determine  energy  consumption  of  plants,  and  evaluate  ECO's. 

-  Prepare  comprehensive  report  documenting  the  findings  of  the  survey  and  analysis. 

-  Central  Plants, 

59(M) 

6003  » 

730 

2812 

5676 

5678 

3442 

914 

4701 

2.  INTENDED  PROCEDURES 

-  Chiller  Testing,  September  1990 

-  Boiler  Testing,  January  1991 
(see  attached  test  procedures) 

3.  SCHEDULE  -  CHILLER  TESTING 
Tuesday,  9/11,  Building  2812 
Wednesday,  9/12,  Building  6003 
Thursday,  9/13,  Building  730 
Friday,  9/14,  Building  730  &  914 
Saturday,  9/15,  Building  5900 
Monday,  9/17,  Building  5900 
Tuesday,  9/18,  Building  3442 
Wednesday,  9/19,  Building  5676 
Thursday,  9/20,  Building  5678 
Friday,  9/21,  Building  47()1 
Saturday,  9/22,  optional 
Monday,  9/24,  trptional 
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PERSONNEL  CONDUCTING  SURVEY 


Carl  E.  Lundstrom 
Carl  A.  Swenson 
Jim  Wallers 

PROPOSED  WORKING  HOURS 
07:30  lo  18:00  hours,  dales  as  shown 
DEH  SUPPORT 

One  RVAC  shop  chiller  personnel,  lo  bring  chillers  on  and  oil  line  for  tesling.  Also 
EMC  will  inlerview  RVAC  personnel  lo  determine  how  plants  are  currently  operated. 

DISCUSSION 

Any  cliillers  plants  not  operational  that  can  not  be  tested? 

Other 


r 


ri:s  r  ruuciiDUUKs 

Fincigy  Sutvcy  of  Amiy  l3oili;r  nnil  Chiller  rhinls 
I'l,  Sill,  Okliihoina 
I’age  1  «)!  3 


m  il I  .  V.  ...  D 

r-  "  ■  •  T'-il;-;  'ks  :,  ri-i 

-W  rr  . 

Boiler  Testitip: 

The  boiler  lesl  procedure  is  desigtted  lo  deleriniiic  llic  cincieticy  of  llie  boiler  plants.  The 
procedure  Is  based  on  the  American  Society  of  Mcclinnlcal  Etiginccts  (ASME)  Power  Test  Code 
d.l  and  will  utilize  in.sliuincnintion  provided  by  UMC  Hiigincuis,  liic.  U  Is  noted  that  this 
procedure  docs  not  stiiclly  adlicic  to  ASM!',  P  TC  il.l;  it  is  designed  to  provide  the  necessary  data 
while  controlling  cosl;?.  'I  he  dala  ohliiiiu'.d  dui  ing  ibe  testing  will  be  u.sed  to  analyze  boiler-related 
Bnergy  Conservation  (Jppoi  tunitie-s  (Ij'.f  jt  Ps).  A  single  leading  of  tlic  lollowing  will  be  incasured: 

Flue  gas  teinpei  ature 

Anibient  (combustion)  air  tciti|)cialnic 

Flue  gas  CO,  content 

Flue  gas  O,  content 

Outside  ail  leiii[>etalnic 

Outside  air  relative  humidity  , 

Fuel  lluw  (using  existing  meteis) 

KW  input  to  piimaiy  hot  water  eitculalion  pumps 

Dillcieiitial  pressure  on  repiesentativc  pritiinty  liot  water  circulation  pumps 

Boiler  readings  will  be  taken  while  the  boiler  is  under  steady  stale  liiliig  conditions  lo  the  extent 
practical.  The  test  |)iocedurc  is  as  lollov/s: 

1)  Install  Flue  gas  thcrinoineter  and  sampling  tube  in  the  slack  through  existing  ’ 
penetrations  ir.|)ossible.  If  not,  a  new  |Knielralion  will  be  made  using  a  handheld 
drill. 

2)  For  non  modulating  huiiieis,  set  burner  coiilrol  to  hi-fitc  setting  (If  applicable). 
Adjust  controls  of  other  boilers  so  that  llic  boiler  being  tested  tires  conlhiuously. 

3)  For  modulating  buiiicis,  set  burner  control  lo  luniiunl,  coiislntil  setting.  Adjust 
coiitlols  of  other  lioileis  so  that  Ibe  cundilioiis  of  Ibe  boiler  being  tested  tenialtl 
relatively  steady.' 

4)  Observe  the  following  operating  conditions  i  dative  lo  iiiaiiufaclurcr's 
recommciidaliotis: 

slcain/liol  water  prcs.siiie/lcin|)cialuro  scl|K)ints 
boiler  water  level 


Dale: 

EMC  Project  No.: 


H  June  lyytj 
I’1UF.0I2 
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•  iieigy  'iiiivry  f,r  Aiiiiy  noilc.i  niitl  Cliillcr  I’Iniils 
l  l.  Sill,  Okl;ili()iti!i 
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(lame  connguralioii 
combustion  conltul 
make-up  water  contiol 
leaking  salcty  and  (jtlicr  valves 
signs  ol  leaking  boiler  lubes 
gcneial  condition  of  boiler  insulation 

5)  llec.oid  data. 

0)  Remove  insli uinentalion,  leluin  contiol  settings  to  oiiginal  |xjsillons. 

I 

Chiller  Testinp; 


•I  his  chiller  lest  procedure  is  made  with  the  intent  of  determining  the  elliclency  of  the  chiller 

Standard  rrlrre.'i^.n  ''‘'l  «««•  Rcfilgcrotlon  Institute  (ARl) 

wilt  i.iili,J7  Seiew  Walei-rjlillling  I’aekages  (ARl  550-88).  The  procedure 

I  I  II  P»rivided  by  RMC  l'.•nginecls,  Inc.  It  is  noted  that  (his  procedure  does 

*!pi  ^  ARI  j50-88;  it  is  designed  to  provide  the  necessary  data  while  controlling 

costs.  1  he  data  obtained  duiing  llic  testing  will  i>c  u.sed  to  analyze  chiller-related  ECO’s.  A  single 
.set  of  readings  of  the  following  ijoinls  will  be  melcied: 


Condenser  water  inlet  lempcraluic 

Condenser  water  outlet  lempet  alutc 

Chilled  water  icturii  leinjreialurc 

Chilled  water  supply  tempcialuic 

Chilled  water  How 

Chiller  Compressor  KW  input 

Outside  air  tem|}crature 

Outside  air  rclalivu  humidity 

KW  input  to  clidled  and  erindenser  water  pumps 

Oillciential  pr  (assure  on  lepiesentativu  cliilled  and  condenser  water  pumps 
Condenser  inlel/outlet  pic-ssuic  dilfercntlal 
Evapt)rator  inlej/oullct  piessurc  dilicrential 


leadings  will  be  taken  at  noinial  chilled  water  and  condenser  water  supply  tcmiierature  setiroiiits 

ri^cTi^  *”^  '**■*’  lo  mean  the  setpoints  used  under  iiortnul  opcraliitg  conditions  by  tiu 

Ft.  Sill  maintenance  staff.  Ihc  le.st  proccduic  is  as  follows: 


1)  install  all  chiller  test  C(|uipmenl. 

2)  Adjust  scl|)uinls  to  normal  |Kjsiliuns.  Allow  lime  for  chiller  to  reach  steady-slate 
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condilioitn.  Slcady-slatc  is  considered  lo  l)c  established  after  three  sets  of  data  have 
been  taken,  at  live  minute  intervals,  where  the  readings  remain  within  the 
tolerciKXS  set  forth  in  ARl  55t)-8R,  I’aia.  A7.2. 

Practical  steps  will  be  taken  to  obtain  steady-state  conditions.  If  tliese  conditions 
are  not  i  cached  within  I  hour,  the  BMC  lest  engineer  will  use  his  discretion  ns  to 
how  to  piocecd  with  the  testing. 

3)  Have  lJli.ll  |>eisonnel  remove  all  non-condensables  fiom  the  system. 

4)  Uuiiiig  the  ter.ling,  oyneive  the  lollowing  opeiating  conditions  relative  to 
mamilnctmcr’s  lecommcildations: 

leliigmant  charge 
l(anperatmes  ami  pic.ssuic.s 
speed  contiol 

5)  After  llie  chiller  conditionshiave  slabili/.ed,  take  a  single  set  of  readings. 

t 

6)  Remove  instrumcnlalion. 

At  the  time  of  the  tests,  IJLlll  peisonnci  will  be  intci  viewed  as  to  the  time  of  last  cleaning  and  the 
general  cleanliness  of  all  heal  exchangers.  Ihis  information  will  lie  used  to  estiinale  fouling 
factors. 
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The  proposal  for  the  above  project  is  based  on  the  following  items: 

1.  EMC  will  use  easting  natural  gas  meters  in  the  boiler  plants  at  Ft.  Sill.  EMC  will  not 
install  any  additional  gas  meters. 

2.  One  complete  set  of  metering  equipment  will  be  used.  This  equipment  will  all  be  direct 
readout  type  equipment;  an  electronic  data  acquisition  system  with  sensors,  PC,  etc.  will 
not  be  used.  Equipment  purchased  for  the  project  and  to  be  given  to  the  Government  at 
the  end  of  the  project  are  as  follows: 

(2)  Slack  Thermometers 

(1)  Ultrasonic  Flow  Meter 

(6)  Thermometers 

(1)  Handheld  Flue  Gas  Analyzer 

I 

(6)  Pressure  Gages 

3.  Asbestos  Containing  Materials  (ACM)  removal  will  amount  to  no  more  than  (8)  horizontal 
type  44"  wide  by  60"  long  glove  bags. 

4.  Any  material  that  is  suspected  by  EMC  to  be  ACM  will  be  treated  as  ACM  unless  that 
material  is  sampled,  tested,  and  positively  identified  by  the  Government  as  not  being  ACM. 
Sampling  and  testing  must  be  performed  according  to  all  applicable  EPA,  OSHA,  and 
other  Federal,  State,  Regional,  and  Local  regulations. 

5.  All  ACM  removal  will  be  classified  by  EPA  regulations  as  "O  &  M  removal". 

6.  All  ACM  removed  will  be  disposed  of  at  the  approved  ACM  disposal  site  at  Ft.  Sill. 

7.  All  necessary  pipe  penetrations  are  existing.  No  additional  pipe  penetrations  will  be 
required  for  the  testing. 

8.  Equipment  outages  of  short  duration  will  be  required  to  connect  meters.  It  is  not  expected 
that  these  outages  will  significantly  effect  plant  operation.  A  general  schedule  of  outages 
will  be  provided  at  the  survey  entrance  interview.  Given  the  nature  of  the  survey  work, 
providing  a  detailed  schedule  of  outages  is  not  possible. 

9.  In  Appendix  A,  General  Scope  of  Work,  Para.  2.1,  the  phrase  "updated  and  included"  is 
taken  to  mean  as  follows:  No  technical  analysis  will  be  done  under  this  contract.  An 
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DATE;  1  May  1990 

PROJECT;  Ft.  Sill 

Energy  Survey  of  Army  Boiler  and  Chiller  Plants 


NOTES 

PREPARED  BY;  Carl  E.  Lundstrom,  P.E. 

EMC  Engineers,  Inc. 


DATE  OF 

CONFERENCE;  17  April  1990 


PLACE  OF  ,  ,  ^ 

CONFERENCE;  DEH  Office,  Ft.  Sill,  Oklahoma 


PURPOSE  OF 
CONFERENCE ; 


Pre-negotiation  conference  to  discuss  questions  related 
to  the  Ft.  Sill  energy  survey  of  Army  boiler  and 
chiller  plants 


ATTENDEES ; 


F.  Mike  Denham,  EMC  Engineers,  Inc.,  (303)988-2951 
Carl  E.  Lundstrom,  EMC  Engineers,  Inc.,  (404) 952- 


Merle  London,  Tulsa  District,  COE,  (918)581—7991 
Gary  W.  Basham,  Ft.  Sill  DEH,  (405)  351-3517 
Jerry  E.  Schmidt,  Ft.  Sill  DEH,  (405)  351-4250 
Steve  McManus,  Ft.  Sill  Energy  Conservation  Office, 


(405)  351-3225 

Ron  Barnett,  Environmental  Division 
Don  Goode,  Environmental  Division, 


,  (405)  351-2715 
(405)  351-2715 


CONFERENCE  NOTES; 

The  following  is  a  summary  of  the  items  discussed,  the  comments  made, 
and  the  decisions  made  during  the  Conference.  The  A/E  statement  of 
work  and  conference  agenda  were  distributed  to  each  person. 


1.  M.  London  opened  the  conference  with  general  Introductions  and 
explanation  of  the  scope  of  the  project.  EMC  is  to  survey  boilers  and 
chillers  at  Ft.  Sill,  determine  their  operating  efficiency,  evaluate 
energy  conservation  opportunities,  and  prepare  three  submittals  of  the 
testing  and  analysis.  In  addition  EMC  is  to  provide  a  one-day 
training  seminar. 


2.  Asbestos  removal  concerns  were  discussed  with  R.  Barnett.  EMC  will 
be  installing  instrumentation  on  the  boilers  and  chillers  to  test 
their  efficiency.  Piping  and  flue  insulation  will  have  to  be  removed. 
Unless  the  insulation  has  been  sampled,  tested  and  positively 
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Identified  as  not  having  asbestos  containing  material  (ACM),  it  will 
be  treated  as  asbestos.  Paragraph  2.  in  Annex  B,  in  the  statement  of 
work,  identifies  the  OSHA  standard  which  must  be  followed  by  workers 
that  will  be  in  areas  with  ACM's.  R.  Barnett  explained  if  ACM  will  be 
removed  and  disposed  of,  EMC  must  follow  EPA  regulation  Title  40CFR  61 
(m).  It  was  felt  the  work  would  be  classified  as  O&M  removal.  EMC 
should  investigate  inspection  notification,  ACM  removal,  and  ACM 
disposal  requirements.  EMC  will  have  to  contract  with  a  licensed  ACM 
removal  contractor  for  this  work.  The  government  has  an  approved  ACM 
disposal  site  at  Ft.  Sill  for  the  material. 

The  following  questions  relate  to  Appendix  A,  General  Scope  of  Work 
for  an  Energy  Survey  of  Army  Boiler  and  Chiller  Plants  for  Ft.  Sill 
Oklahoma : 

3.  Paragraph  2.1:  Only  the  previous  studies  identified  in  Annex  'B' 
paragraph  3.a.b.&  c.  and  related  projects  in  Annex  'B'  attachment  1 
(cont.)  must  be  updated  and  included  in  this  study. 

4.  Paragraph  2.3:  The  statement  that  the  study  shall  include 
supporting  systems  such  as  fuel  oil  storage,  pollution  abatement,  etc. 
is  meant  to  only  note  those  items  related  to  the  existing  boiler  and 
chiller  plant,  which  seem  not  normal,  in  need  of  repair,  etc. 
Detailed  evaluation  of  these  items  is  not  required. 

5.  Paragraph  2.3:  The  study  is  not  intended  to  include  a  detailed 
evaluation  of  the  distribution  systems  related  to  the  central  plants. 
If  EMC  notes  problems  while  on-site  (such  as  steam  leaks  in  piping 
pits)  these  items  should  be  described  briefly  in  the  report. 

6.  Paragraph  2.5:  The  term  "technically  and  economically  feasible,"  is 
meant  to  be  those  items  which  have  been  done  and  proven  to  provide 
savings,  i.e.  nothing  experimental.  All  ECO's  should  be  coordinated 
with  DEH  on  what's  feasible  for  Ft.  Sill. 

7.  Paragraph  2.8:  ECAM  evaluation  does  not  apply  to  Ft.  Sill.  Delete 
this  requirement  from  the  statement  of  work. 

8.  Paragraph  3.4:  EMC  will  not  be  required  to  attend  any  non-scheduled 
meetings.  EMC  will  have  a  kickoff  meeting  at  the  beginning  of  the 
field  survey,  and  an  exit  interview,  plus  the  scheduled  submittal 
review  meetings. 

9.  Paragraph  3.7. l.c:  There  will  be  no  major  restrictions  on  the 
working  hours  for  EMC.  EMC  shall  coordinate  it's  working  schedule 
with  DEH. 

10.  Paragraph  7.1.1;  The  statement  of  work  regarding  "submit. . .testing 
laboratory  to  the  Contracting  Officer  for  approval,  is  meant  to 
include  submitting  documentation  showing  testing  equipment  has  been 
properly  calibrated. 
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11.  Paragraph  7.1.1;  The  efficiency  testing  requirements  for  boilers 
were  divided  into  full  testing,  partial  testing,  and  minimum  testing 
requirements,  based  on  the  size  and  age  of  the  plants  (see  Annex  B  - 
attachment  1). 

Full  efficiency  testing  is  to  include;  Installation  of 
instrumentation  for  input/output  measurement  required  to  meter  energy 
in  versus  energy  out.  See  attached  diagrams  for  instrumentation  of 
low  temperature  hot  water  boilers  (LTHW),  high  temperature  hot  water 
boilers  (HTHW),  and  steam  boilers. 

Partial  efficiency  testing  is  to  include;  Stack  temperature  and  CO 
measurements  to  determine  the  boiler  combustion  efficiency,  plus 
overall  inspection  of  the  general  boiler  condition  and  operation.  See 
attached  diagrams  for  instrumentation  of  low  temperature  hot  water 
boilers  (LTHW),  high  temperature  hot  water  boilers  (HTHW),  and  steam 
boilers . 

Minimum  testing  is  to  include;  Overall  inspection  of  the  general 
condition  and  operation.  No  instrumentation  will  be  used  for  this 
testing . 

It  is  assumed  one  set  of  instrumentation  equipment  will  be  used  for 
the  measurements.  This  set  of  instrumentation  will  be  moved  from 
boiler  to  boiler  to  make  the  required  measurements.  In  those 
locations  where  an  insertion  flow  meter  will  be  used,  a  new  pipe  tap 
and  full  bore  valve  will  be  installed  and  left  in  place  after  the 
metering  is  complete. 

EMC  will  be  required  to  remove  asbestos  insulation  on  pipes  and  stacks 
as  required  to  make  measurements  (see  item  2.). 

12.  Paragraph  7.1.2;  The  efficiency  testing  requirements  for  chillers 
were  divided  into  full  testing,  partial  testing,  and  minimum  testing 
requirements,  based  on  the  size  and  age  of  the  plants  (see  Annex  B  ~ 
attachment  1 ) . 

Full  efficiency  testing  is  to  include;  Installation  of 
instrumentation  for  input/output  measurement  required  to  meter  energy 
in  versus  energy  out.  See  attached  diagrams  for  instrumentation  of 
chillers . 

Partial  efficiency  testing  is  to  Include;  The  same  as  full  efficiency 
testing  minus  the  flow  metering  Installation.  See  attached  diagrams 
for  instrumentation  of  chillers. 

Minimum  testing  is  to  include;  Overall  inspection  of  the  general 
condition  and  operation.  No  instrumentation  will  be  used  for  this 
testing. 

It  is  assumed  one  set  of  instrumentation  equipment  will  be  used  for 
the  measurements.  This  set  of  instrumentation  will  be  moved  from 

3 


A-43 


chiller  to  chiller  to  make  the  required  measurements.  in  those 
locations  where  an  insertion  flow  meter  will  be  used,  a  new  pipe  tap 
and  full  bore  valve  will  be  installed  and  left  in  place  after  the 
metering  is  complete. 

For  the  full  and  partial  testing  EMC  will  measure  the  efficiency  of 
the  plants  at  varying  loads  at  the  following  setpoints: 

•  Chilled  water  supply  setpoints;  44*,  46*,  and  48*,  at  the 
normal  condenser  water  setpoint  temperature. 

•  Condenser  water  supply  setpoints:  87,  85,  and  82,  at  the 
normal  chilled  water  supply  setpoint  temperature. 

EMC  will  be  required  to  remove  asbestos  insulation  on  pipes  as 
required  to  make  measurements  ( see  item  2 . ) . 

13.  Paragraph  7.2.3:  This  paragraph  is  not  intended  to  write  an  O&M 
manual  for  boiler  and  chiller  operation.  Include  O&M  items  which 
would  be  covered  in  the  one-day  training  class  related  to  this 
project. 

14.  Paragraph  7.5:  It  was  decided  $25,000  or  less  was  the  limit  for  a 
low  cost/no  cost  ECO. 

15.  Paragraph  7.6.1;  The  sample  completed  DA  Form  5108-R  should  be 
submitted  with  the  interim  submittal .  EMC  should  coordinate  with  DEH 
which  project  should  be  submitted  prior  to  the  interim  submittal. 

16.  Paragraph  8.:  EMC  will  be  required  to  give  the  one-day  training 
class  on  three  consecutive  days,  to  three  different  classes  of 
maintenance  personnel  at  Ft.  Sill.  EMC  should  estimate  on  having  15 
persons  per  class . 

General  comments  and  questions : 

17.  Mr.  Lundstrom  asked  about  evaluating  manpower  operation 
requirements.  Mr.  Basham  explained  this  was  a  touchy  subject,  but  is 
an  important  area  to  review.  EMC  should  coordinate  all  Information 
very  closely  with  DEH,  prior  to  submittals. 

18.  Mr.  Lundstrom  explained  that  to  perform  detailed  ECO  calculations, 
detailed  boiler  log  data  would  provide  the  best  method  of  estimating 
hourly  loads.  Because  there  are  little  or  no  log  data  kept,  EMC  will 
have  to  estimate  loads,  from  gross  capacities,  or  what  little  monthly 
metering  data  that's  available. 

19.  After  the  study  is  complete,  EMC  will  leave  the  metering  equipment 
for  government  to  use.  There  is  little  or  no  measurement  or  metering 
instrumentation  on  the  central  plants.  This  equipment  can  be  used  in 
the  future  for  metering  and  adjusting  central  plant  equipment 
operations.  Some  of  the  metering  equipment  will  be  site  specific  for 
the  metering  installations. 
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20.  EMC  will  have  to  review  the  scheduling  impact  of;  1)  submitting 
metering  plan  for  approval,  and  2)  having  contractors  install  metering 
taps  and  asbestos  abatement. 

21.  Annex  A,  regarding  impact  of  new  refrigerants,  EMC  will  address: 
1)  the  general  question  of  the  affect  refrigerant  changes  will  have  on 
Ft.  Sill,  and  the  central  plants  in  question,  2)  generally  what 
efficiency,  equipment  changes,  capacity,  and  life  expectancy  changes 
will  occur,  3)  manufacturers  input  to  equipment  changes  required,  4) 
a  general  discussion  on  cost  to  convert  chillers  versus  replacement  of 
chillers,  5)  life  safety  requirements  for  new  refrigerants,  and  6) 
general  design  guidelines  and  directives  for  future  chiller  plant 
designs.  Specific  chiller  by  chiller  evaluation  for  technical 
modifications  will  not  be  provided  in  this  study. 

Ft.  Sill  DEH  is  to  provide  EMC  with  copies  of  the  as-built  mechanical 
plans  for  the  chiller  and  boiler  plants  that  will  require 
instrumentation  installations  for  measurement,  for  EMC  to  prepare  a 
construction  estimate  for  their  fee  proposal.  Ft.  Sill  is  to  provide 
EMC  a  list  of  names  of  mechanical  and  asbestos  abatement  contractors 
who  have  worked  at  Ft.  Sill. 

Tulsa  District  needs  to  provide  the  following  documents  for  EMC  to 
prepare  their  fee  proposal: 

1.  AR415-17,  Tri-Service  MCP  Index,  and  EIRS  bulletin. 

2.  Latest  ECIP  guidance. 

3.  AR5-4,  change  no.  1. 

4.  ETL  1110-3-332. 

5.  AR4 15-15,  MCP  Data,  DD  Form  1391 

6.  AR415-20. 

7.  TM5-800-3  for  PDB. 

8.  Copy  of  a  completed  PDB. 

9.  DA  Form  5108-R,  copy  of  a  blank  form,  instructions  for  completing 
the  form,  and  a  completed  form  as  an  example. 

10.  Copy  of  a  completed  DA  Form  5108-R. 

11.  Example  completed  implementation  document 


Carl  E,  Lundstrom,  P.E. 
Project  Manager 


[  C : \ JOBS\S ILLXCONFNOTE . WP ] 
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economic  analysis  will  be  done  using  the  previous  technical  analysis  results  and  current 
economic  data.  Construction  cost  estimates  from  the  previous  studies  will  be  adjusted  for 
inflation.  All  necessary  technical  analysis  results  from  the  previous  studies  will  be  provided 
by  the  Government.  Only  previous  studies  that  effect  the  boiler/chiller  plants  In  this  study 
and  that  are  identified  in  Annex  B,  Attachment  1,  Detailed  Scope  of  Work  will  be  included 
in  this  study. 

The  manufacturer’s  published  technical  data  will  be  sufficient  certification  of  accuracy  for 
meters  and  other  test  equipment  that  are  new  (not  previously  used). 

EMC  will  have  the  full-time  assistance  of  a  boiler/chiller  operator  from  Ft.  Sill  to  perform 
equipment  changeover.  This  will  require  approximately  1-1/2  weeks  during  the  chiller 
testing  in  July  or  August  1990  and  approximately  1  week  during  the  boiler  testing  in 
January  1991. 

Annex  A  to  the  General  Scope  of  Work  “General  Energy  Conservation  Opportunities  and 
Other  Considerations"  is  revised  to  eliminate  redundant  ECO’s  and  to  combine  certain 
ECO’s  to  allow  for  practical  implementation  and  valid  technical  alnalysis.  Annex  A  will 
read  as  follows:  ' 

General  Energy  Conservation  Opportunities: 

1)  Replacement  of  Boilers 

2)  Installation  of  New  Burners  and  Control  Systems  (to  assure  proper  combustion  air- 
fuel  ratio  and  most  economical  operation,  including  equipment  optimization) 

3)  Economizers/ Air  Preheaters 

4)  High  Efficiency  Motors  on  Primary  Hot  Water  Circulation  Pumps  and  Chilled  and 
Condenser  Water  Pumps. 

5)  Variable  or  Two  Speed  Motors  on  Primaiy  Hot  Water  Circulation  Pumps  and 
Chilled  and  Condenser  Water  Pumps. 

6)  Replacement  of  Chillers 

7)  Control  Systems  (to  operate  chillers  at  most  economical  conditions,  including 
equipment  optimization) 

8)  Storage  of  Chilled  Water 

No  additional  ECO’s  will  be  analyzed  in  detail.  No  ECAM  projects  will  be  included.  A 
general  discussion  of  possible  low  cost  /  no  cost  ECO’s  observed  during  the  surv^  will 
be  included  in  the  report. 

No  heating  or  electrical  load  calculations  are  included.  These  loads  will  be  provided  by  the 
Government,  as  required. 
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15.  EMC  project  team  members  will  make  four  trips  to  Ft.  Sill.  They  are  as  follows: 

1)  Chiller  testing  (approximately  1-1/2  weeks) 

2)  Boiler  testing  (approximately  1  week) 

3)  Interim  Report  Submittal  Presentation 

4)  Prefinal  Report  Submittal  Presentation 

16.  No  more  than  two  EMC  personnel  will  take  part  in  each  site  visit  to  Ft.  Sill.  This  includes 
the  surveys  and  the  submittal  presentations. 

17.  Boiler/Chiller  plants  5900,  6003,  and  730  are  included. 

18.  Travel  costs  were  established  based  on  14  day  prior  notice. 

Any  additional  effort  to  that  indicated  above  will  be  accomplished  through  a  modification  to  the 
contract. 
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VOLUME  1 

1.  2-19  Paragraph  2.2.4 

The  ehlllera  in  central  plant  building  3442  serves  a  total 
of  21  buildings. 


2.  2-34  Paragraph  2.2.8  and  Paragraph  2. 2.8.2 

The  central  plant  building  5900  serves  a  total  of  5 
barracks  (bldgs,  no.  5955, 


3.  2-45  Central  plant  chiller  should 

chiller  to  be  170  tons. 

4.  2-46  Central  plant  (No.  5676)  chiller  should  be  375  tons  Table 

2-2  shows  chiller  to  be  170  tons. 

5.  3-2  The  distribution  loss  for  the  area  served  by  the  central 

plant  in  building  have  been  more  than  negligible.  The 
heat  loss  from  the  super  heated  hot  water  distribution 
system  have  caused  sufficient  ground  heating  to  damaged 
some  of  the  chilled  water  piping.  If  the  ground  heat  was 
sufficient  to  cause  damage  to  plastic  piping  systems  then 
it  stands  to  reason  that  the  losses  are  more  than 
negligible.  fjf h-,p  [  5f  F 

0.  Tab  4  Annual  savings  for  Ice  Storage  Systems  was  based  on  12 

months  per  year  and  the  existing  chiller  efficiency.  The 
use  of  Air  Conditioning  is  only  authorized  4  to  5  months 
per  year  and  the  existing  chillers,  modified  to  produce 
ice,  will  lose  efficiency.  The  savings  should  "be  based  on 
the  actual  period  of  use  and  the  efficiency  achieved  while 
producing  ice. 

f ^  4-47  The  estimated  construction  cost  to  replace  the  existing 

chiller  appears  to  be  excessive. 

8.  6-5  The  chiller  located  at  central  plant  914  is  a  400  ton 

chiller. 

9.  6-13  The  central  plant  6003  has  three  chillers  one  400  ton  and 

two  450  ton  chillers.  The  operational  strategies  only 
addressed  using  the  two  450  ton  chillers. 


960,  5920,  6007  &  6050). 
be  Ions  Table  2-2  shows 
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•  DATE 

■  U  July,  1991 


FORT  SILL  REVIEW  COMMENTS  ^ _ _ 

dVbectohate’  of  ‘  ENQI  HEER  I  HQ  &  hour  I  NO  ;  discipline 


ENEHoi  smVET  »''  “«.“IDS»  ‘  '“IDLER  PLANTS; 


F^f^LL.  OELAHONA 


PROJECT  NUMBER 


ELECTRICAL 


CMT.  ‘DWG. 'REVIEWER 
„0.  •  NO.'  JERRY  SCHMIDT 


■  PHONE  NUMBER 

(405)351-4250 


ACTION 

A  CONCUR 
D  DO  MOT  CONCUR 
E  EXCEPTION 
X  DELETE 

(EXPLAIN  D.  E  A  X) 

ACTION  BY 
C^fL-V  ' 


10.  7-2  Brief  description  on  ECO  would  be  beneficial  at  this 
point. 

YQLUM-Ii  5900  chiller  4  should  be  listed  as  a  450  ton 


11.  C-3 


/ 


chiller . 


EXECUTIVE  SUMMARY 
The  e 

conco&  •••«-  _ 

chiller^that  would  be  Elected  by  CFC  legislation. 


12  i^^";xecutive  summary  should  have  included  recommendation 

c<.«cer..in|  Ih,  CFC  l»Fuo.  The  baee  ha.  a  large  number  of 


PACE  2  ol  2 
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CONFIRMATION  NOTICE 


Confirmation  No.  4  EMC  #3002.000 

DATE:  19  August  1991 

PROJECT:  Energy  Survey  of  Central  Plants,  Ft.  Sill,  Oklahoma 

CONTRACT  NO.:  DACA56-90-C-0087 

NOTES 

PREPARED  BY;  Carl  Lundstrom 

EMC  Engineers,  Inc. 

DATE  OF 

CONFERENCE:  15  August  1991 

PLACE  OF 

CONFERENCE:  Tulsa  District  Resident  Engineer's  Office 

SUBJECT:  Interim  Review  Conference  Presentation  and  Comments  Review 

ATTENDEES:  W.  Y/ayne  Kiser,  DEH  (405)  351-5708 

Merle  London,  Tulsa  District  COE  (918)  581-7991 

Carl  E.  Lundstrom,  EMC  Engineers,  Inc.  (404)  952-3697 

Gene  Paulsgrove,  DEH  Master  Planning  (405)  351-5708 

Kenneth  Rogers,  DEH  (405)  351-5910 

Serge  Saltiel,  DEH  (405)  351-5708 

Jerry  Schmidt,  DEH  Engr.  Design  (405)  351-4250 

Carl  Swenson,  EMC  Engineers  (303)  988-2951 

The  following  is  a  summary  of  the  items  discussed,  the  comments  made,  and  the  decisions 

made  during  the  Conference: 

1.  Mr.  London  made  introductions  and  passed  roster  to  attendees. 

2.  Mr.  Lundstrom  made  a  presentation  of  the  Interim  Submittal: 

•  Survey  Findings. 

•  ECO  Analysis. 

•  Conclusions  and  Recommendations. 


Based  on  the  discussion  of  the  presentation,  the  following  items  were  concluded  and  project 
direction  was  determined: 


A-52 


CONFIRMATION  NO.  4 
19  August  1991 
Page  2 

•  Review  electrical  rates  to  verify  electric  demand  rate  charges.  ■ 

•  ECO  3,  Central  Plant  914,  repair  chiller  to  increase  efficiency:  This  ECO  has 
been  done  under  warranty  service. 

•  ECO  4,  Central  Plant  914,  ice  storage:  This  ECO  was  rejected;  savings  are 
marginal. 

.  ECO  3,  Central  Plant  2812,  replace  chiller:  This  ECO  was  not  economically 
justified  as  a  replacement  project.  To  repair  the  existing  chiller  is  not  an 
acceptable  alternative. 

.  ECO  17,  Central  Plants  730  and  2812,  electric  water  heaters:  This  ECO  was 
rejected,  because  Ft.  Sill  does  not  want  to  do  any  projects  which  may  increase 
the  Fortes  overall  summer  electrical  demand. 

.  ECO  3,  Central  Plant  4701,  replace  chiller:  This  ECO  was  not  economically 
justified  as  a  replacement  project.  To  repair  the  existing  chillers  is  not  an 
acceptable  alternative. 

.  ECO  4,  Central  Plant  4701,  ice  storage:  This  ECO  was  rejected  because  of 
marginal  savings. 

.  RDF  boiler.  Central  Plant  5900:  This  special  project  to  update  a  previous  study 
was  rejected  because  of  current  refuse  quantities  and  operation  of  the  plant 

•  ECO  9,  Central  Plant  5900,  replace  boilers:  This  ECO  will  be  investigated  in 
place  of  the  proposed  repair  project. 

•  ECO  12,  Central  Plant  5900,  stack  economizers:  This  ECO  was  rejected  because 
or  the  potential  increase  in  manpower  to  support  operations. 

•  Central  Plant  3442,  service  extension  to  provide  cooling  to  Buildings  2470  and 
2471:  This  special  project  is  not  required  because  these  two  buildings  have  new 
chiller  equipment 

•  ECO  6,  high  efficiency  motors,  all  plants:  In  place  of  further  analysis,  it  should 
be  noted  that  high  efficiency  motors  should  be  installed  if  replacements  are 
justified. 

•  ECO  10,  boiler  combustion  controls,  all  plants:  No  further  analysis  or 
consideration  is  required,  because  of  the  concern  regarding  the  marginal  savings 
and  high  maintenance  requirements. 
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3.  The  Ft.  Sill  DEH  engineers  conferred  as  to  proposed  ECOs  to  develop  into  projects  for 
the  final  submittal. 

Based  on  their  discussion,  the  following  projects  were  developed: 

Project  A: 

Boiler  and  chiller  controls  project  (ECOs  1,  2,  7,  and  8)  for  Central  Plants  730, 
914,  2812,  3442,  5676, 5678,  5900,  and  6003.  The  control  project  is  to  be  a  stand¬ 
alone  project,  and  the  savings  or  costs  should  not  assume  an  EMCS  exists. 

Project  B: 

Central  heating  plant  replacement  project  at  Central  Plant  5900,  boilers  1  and  2, 
and  Central  Plant  2812,  boilers  1  and  2. 

Project  C: 

One  new  central  plant  to  provide  heating  and  cooling  to  both  Buildings  5676 
and  5678. 

In  preparing  the  final  analysis.  Ft.  Sill  DEH  engineers  requested  the  energy  analysis  be 
based  on  the  assumption  the  EMCS  was  not  installed.  Mr.  Lundstrom  agreed  to  use 
non-EMCS  loads  to  prepare  the  final  analysis.  The  Ft.  Sill  DEH  engineers  asked  that 
the  computer  input  for  the  final  project  energy  analysis  be  included  with  the  final 
report.  Mr.  Lundstrom  agreed  to  provide  this  information. 

4.  Additional  analysis  comparison: 

•  Compare  central  heating  plant  at  3442,  to  individual  boilers  at  each  building. 
Consider  plant  to  also  serve  Buildings  2470  and  2471.  Do  not  consider  using 
chilled  water  lines  for  distribution  from  heating  plant. 


If  any  portion  of  this  Confirmation  Notice  is  incorrect,  please  notify  us  immediately.  If 
correspondence  is  not  received  to  the  contrary  within  10  days,  it  will  be  assumed  that  the 
decisions  and  conclusions,  and  status  outlined  in  this  Confirmation  Notice  is  correct 
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rONFEllENCE  NOTICE 


Conformation  No.  5 
DATE: 


EMC  #3002.000 


10  September  1991 

Energy  Survey  of  Arnry  Boiler  and  Chiller  Planla  Ft.  Sill,  Oklahoma 


PROJECT-  Energy  burvey  nr  Army  uvmci  - - 

CONTRACT  No.  DACA  56-90-C-0087 

NOTICE  ,  . 

PREPARED  BY;  Kamchornviithi  Cnulavalr 

EMC  Engineers,  Inc. 

date  OF 

CONFERENCE;  6  September  1991 

OF^SnECRENCE:  Poblic  Work  Cenler,  Mr.  Howard  1  lovis  office,  Ft.  Sill,  Oklahoma 


SUBJECT; 

ATFENDEES: 


To  discusa  central  plant'a  control  strategy  and  projects  to  be  evaluated  in 
the  study 

W  Wayne  Reiser,  DEI  I,  Fi.  Sill  (4115)  351-5708 
Serge  ^Itiel,  DEH,  Ft.  Sill  (4115)  351-57I® 
jerry  Schmidt,  DEH,  Ft.  Sill,  (405) 

Howard  Hovis,  PWC,  Ft.  Sill,  (405)  351-36086341 
Karachornvothi  Chulavatr,  E  M  C  Engineers,  Inc.,  (404)  952-3697 


The  following  is  a  summary  of  ti.e  items  discussed,  the  comment,  made,  and  the  decision, 
inadi^  during  Ihc  conference. 

The  control  and  monitoring  points  lor  central  plants  will  include  the  following. 


Boiler 


Natural  gas  line  pressure  before  and  alter  the  regulator 
Flow  and  accumulative  of  the  make-up  water 
Boiler  stack  temperature  and  O, 

Boilers  alarm 

Pumps  start/stop  and  status 

Supply  and  return  water  temperatures 

Flow  of  the  supply  steam  and  hot  water  tanW  fnr 

Supply  pressure  for  steam  and  nitrogen  In  the  expansion  lank 

high  temperature  hot  water 
LEDs  display 
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Chiller 

Pumps  starl/slop  and  status 

- 

Supply  and  return  chilled  water  and  condenser  water 

temperatures 

- 

Flow  of  the  chilled  water 

- 

Chiller  starl/slop  and  status 

- 

Cooling  U)wers  starl/stop  and  status 

- 

•  Chiller  kW  consumption 

- 

LEDs  display 

Projecls  lo  be  evalualed  are: 

•  Project  I.  -  Control  project  for  central  plant  730,  59tM),  and  6003. 

•  Project  2.  -  Central  plant  project  and  control  project  for  building  5676  and  5678. 

•  I’roject  3.  -  Replace  boiler  number  1  and  2  in  central  plant  2812  and  5900. 

•  Project  4.  -  Replace  a  chiller  in  central  plant  2812  with  the  small  higher  efficiency 

chiller.  , 

•  I’roject  5.  -  Compare  local  hot  water  boiler  in  each  barracks  versus  central 

healing  plant  project  for  3442. 


'I’he  following  are  result  of  general  item  tiiscussed: 

•  1  he  control  project  will  Include  the  fiber  optics  DIM  cost  from  the  central  pant 
lo  RVAC  shop,  building  1950. 

•  There  will  not  be  any  new  control  projects  for  central  plant  914,  2812,  ana 

cooling  plant  3442.  _  1 1  ii 

•  The  central  computer  for  the  control  project  will  be  an  existing  PC  located  in  the 

RVAC  shop,  and,  if  possible,  use  existing  software. 


Kamchornvulhi  Chulavalr 


If  any  portion  of  this  conformation  notice  is  incorrect,  please  notify  us  Immediately.  If 
correspondence  is  not  received  lo  the  contrary  within  14  days,  It  will  be  assumed  that  tie 
decisions  and  cr)nclusions,  and  status  outlined  In  this  notice  are  correct. 
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EMC#  3002.000 


Confirmation  No.  6 

DATE: 

9  March  1992 

PROJECT: 

CONTRACT  NO: 

Energy  Survey  of  Army  Boiler  and  Chiller  Plants 

Ft.  Sill,  Oklahoma 

DACA56-90-C-0087 

NOTES 

PREPARED  BY: 

Carl  E.  Lundstrom 

EMC  Engineers,  Inc. 

DATE  OF 
CONFERENCE: 

5  March  1992 

PLACE  OF 
CONFERENCE: 

Mr.  Kiser's  Office,  Dept,  of  Public  Works 

Ft.  SiU,  OK 

SUBJECT: 

To  discuss  results  of  the  Prefinal  report. 

ATTENDEES: 

Carl  Lundstrom,  EMC  Engineers, 

Merle  London,  Tulsa  District  COE  351-4250 

Jerry  Schmidt,  Ft  Sill  DPW,  Engineering  Dem^  (4^>^ 

Howard  Hovis,  Ft.  Sill  DPW,  CWef  FMD,  W)  Ml-^ 

Gene  Paulsgrove,  FL  Sill  DPW,  Plannmg,  (4(B)  ,708 

W  Wayne  i&er,  Ft.  Sill  DPW,  Chief  Engineermg  Division,  (4(B)  351-5708 

The  Mowing  is  a  summary  of  dte  items  discussed,  the  comments  made,  and  the  decisions 
made  during  the  conference: 

1.  Mr.  Lundstrom  explained  EMC  finished  and  submitted  the  Prefinal  report  in 

October  1991. 

2. 

3. 


Mr.  Lundstrom  reviewed  the  results  of  the  evaluatior,  of  the  five  projects  developed 
from  the  Interim  Submittal. 


r  Lundstrom  went  over  the  review  comments  made  by  Jerry  Lundstrom 

^rTel  h“i  make  the  Mowing  revisions  to  the  final  submtltal: 


o 


Distribution  losses  for  chilled  water  lines  wiU  be  included  in  the  project  energy 
calculations  for  Central  Plants  6003  and  5900. 
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Project  2:  (Central  Plants  5676  and  5678)  will  be  reviewed  as  a  heating  plant 
replacement  project  only,  with  the  idea  of  chiller  plant  replacement  in  the  future. 

Comments  regarding  Project  4  are  not  applicable,  since  the  chiller  is  being 
replaced  under  a  current  construction  project. 


( .)  ' 
u'-  '  >  I' 


Carl  E.  Lundstrom,  P.E. 


If  any  portion  of  this  confirmation  notice  is  incorrect,  please  notify  us  immediately.  If 
correspondence  is  not  received  to  the  contrary  within  14  days,  it  will  be  assumed  that  the 
decisions  and  conclusions,  and  status  outlined  in  this  confirmation  notice  are  correct 
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A  CONCUR 


D  DO  NOT  CONCUR 
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X  DELETE 


(EXPLAIN  D.  E  &  X) 


ACTION  BY 


VOLUME  1 

1,  3-2  The  distribution  loss  for  the  area  served  by  the  central 

plant  in  building  5900  and  6003  have  been  more  than 
negligible.  The  heat  loss  from  the  super  heated  hot  water 
and  steam  distribution  systems  have  caused  sufficient 
ground  heating  to  damaged  some  of  the  chilled  water 
piping;  by  causing  ovaling,  blistering  and  collapse  of 
the  plastic  chilled  water  piping.  If  the  ground  heat  was 
sufficient  to  cause  damage  to  plastic  piping  systems  then 
it  stands  to  reason  that  the  losses  are  more  than 
negligible. 


2.  Section  6,  paragraph  6.2.1 

The  Central  Plant  at  building  730  has  three  CHILLERS,  two 
300  tons  and  one  800  tons.  Chiller  Optimization  should 
utilize  all  three  chillers.  For  low  load  conditions  of  0 
to  300  tons,  one  300  tons  chiller.  Medium  load  of  300  to 
600  tons,  two  300  tons  chillers.  High  load  of  600  to  800 
tons,  one  800  tons  chiller.  Peak  load  of  800  tons  and 
above,  one  800  tons  and  one  300  tons  chillers.  This 
strategy  will  have  the  chillers  operating  at  70  to  80 
percent  of  there  peak  capacity  (the  most  economical 
portion  of  there  efficiency  curve)  the  majority  of  there 
operating  time. 


3.  Section  8.  paragraph  8.1.2 

The  difference  in  cost  of  a  central  plant  and  replacing 
the  existing  equipment  is  what  should  be  compared. 


VOLUME  II 

4.  c-3  (Reference  Review  Comment  number  11  dated  8  July  1991.) 

Building  5900  chiller  4  should  be  listed  as  a  450  ton 
chiller. 


VOLUME  III 

5.  J.1.8  The  drawing  indicates  that  there  may  be  adequate  space  in 
the  existing  mechanical  room  for  the  heating  and  cooling 
equipment,  if  one  chiller  is  used,  thus  eliminated  the 
need  for  the  addition  to  the  building. 
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LOCATION 
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DISCIPLINE 

CIVIL 

ARCHITECTURAL 
XX  MECHANICAL 
ELECTRICAL 
FIRE  PROTECTION 
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ACTION 

A  CONCUR 
D  DO  NOT  CONCUR 
E  EXCEPTION 
X  DELETE 

(EXPLAIN  D.  E  &  X) 


ACTION  BY 


6.  J.1.4  &  J.1.5 

If  the  scope  is  reduced  from  two  chillers  to  one  chiller  A 

and  eliminating  the  addition  to  the  building  the  project 
bare  cost  could  be  reduces  approximately  *200,000. 

(Building  addition  $120,000  Chiller  $80,000) 

7.  L.1.4  If  the  chiller  sizing  is  based  on  the  combined  load  of  the  X 

connected  buildings  (Reference  Volume  II  page  B-5)  305.7 
Tons  and  a  diversity  factor  of  0.85  used  the  chiller  size 
should  be  260  Tons.  This  down  sizing  of  the  chiller  from 
342  Tons  to  260  Tons  should  increase  the  energy  savings 
and  lower  the  cost  of  the  chiller  without  altering  the 
comfort  level  in  the  buildings. 


I’AOE  ?.  of 
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APPENDIX  B 


BASE  LOAD  DATA 

AND  MISCELLANEOUS  CALCULATIONS 


HEATING  AND  COOLING  LOADS 
OF 

REPRESENTATIVE  BUILDINGS 


REPRESENTATIVE  BUILDING  INFORMATION  xxx  =  buiding  type  with  emcs 

11 -Apr-91  XXX-N  =  BUIDING  TYPE  WITHOUT  EMCS 
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PROCESS  (MBTU) 


BUILDING  SERVED  BY  CENTRAL  PLANT 
AND  THEIR  PEAK  HEATING/COOLING 


B-4 


BUILDING  CONNECTED 
11 -Apr-91 _ TO  CENTRAL  PLANT 


Energy 

Plant 

Bldg 

Number 

Bldg 

Name 

Bldg 

use 

Bldg 

SF 

Bldg 

MBH 

Bldg 

ton 

Similar 

Bldg 

Ratio  of 
Sct.Ft 

5900  * 

6007 

BARRACK 

BARRACK 

189290 

8.97 

383.0 

3411 

22.96 

OFFICE 

18945 

3161 

2.91 

CLUB 

12520 

3281 

0.45 

* 

6050 

BARRACK 

BARRACK 

189290 

7.47 

383.0 

3411 

22.96 

OFFICE 

18945 

3161 

2.91 

CLUB 

12520 

3281 

0.45 

* 

5955 

BARRACK 

BARRACK 

189290 

7,47 

383.0 

3411 

22.96 

OFFICE 

18945 

3161 

2.91 

CLUB 

12520 

3281 

0.45 

* 

5960 

BARRACK 

BARRACK 

189290 

7.47 

383.0 

3411 

22.96 

OFFICE 

18945 

3161 

2.91 

CLUB 

12520 

3281 

0.45 

* 

5970 

BARRACK 

BARRACK 

189290 

7.47 

383.0 

3411 

22.96 

OFFICE 

18945 

3161 

2.91 

CLUB 

12520 

3281 

0.45 

•k 

5900 

ENERGY  PLT 

BARRACK 

1500 

3.03 

0.0 

3411 

0.18 

ENERGY  PLANT  TOTAL 

42 

1915 

22.98 

6003 

6002 

ADMINIS. 

OFFICE -N 

23671 

0.44 

19.0 

3161 

3.64 

* 

6003 

ENERGY  PLT 

BARRACK 

0 

0.40 

0.0 

3411 

0.00 

6004 

ADMINIS. 

OFFICE-N 

23671 

0.44 

19.0 

3161 

3.64 

6009 

BARRACK 

BARRACK- N 

34872 

1.71 

76.0 

3411 

4.23 

6010 

BARRACK 

BARRACK- N 

34872 

1.71 

76.0 

3411 

4.23 

k 

6011 

MESS  HALL 

CLUB 

17121 

4.64 

134.0 

3281 

0.62 

6012 

BARRACK 

BARRACK- N 

78121 

1.71 

152.0 

3411 

9.47 

6014 

BARRACK 

BARRACK- N 

34872 

1.71 

76.0 

3411 

4.23 

6015 

BARRACK 

BARRACK- N 

34872 

1.71 

76.0 

3411 

4.23 

6017 

BARRACK 

BARRACK- N 

69744 

0.52 

46.0 

3411 

8.46 

6018 

BARRACK 

BARRACK- N 

69744 

1.71 

152.0 

3411 

8.46 

k 

6120 

CLASSROOM 

OFFICE 

15988 

0.91 

30.0 

3161 

2.46 

6080 

STORE  HS. 

OFFICE -N 

1372 

0.16 

32.0 

3161 

0.21 

ENERGY  PLANT  TOTAL 

18 

888 

10.66 

730  * 

700 

CLASSROOM 

OFFICE 

146599 

4.22 

362.0 

3161 

22.55 

k 

707 

CLASSROOM 

OFFICE 

77010 

2.22 

198.0 

3161 

11.85 

k 

730 

CLASSROOM 

OFFICE 

214072 

5.79 

570.0 

3161 

32.93 

k 

840 

CASSROOM 

OFFICE 

142459 

2.36 

0.0 

3161 

21.92 

ENERGY  PLANT  TOTAL 

14.5918 

1130 

13.56 

2812 

2811 

MESS  HALL 

CLUB-N 

9192 

0.41 

41.0 

3281 

0.33 

2838 

BARRACK 

BARRACK- N 

13132 

0.40 

18.7 

3411 

1.59 

2839 

BARRACK 

BARRACK- N 

13132 

0.40 

18.7 

3411 

1.59 

2841 

BARRACK 

BARRACK- N 

13132 

0.40 

18.7 

3411 

1.59 

2842 

BARRACK 

BARRACK- N 

13132 

0.40 

18.7 

3411 

1.59 

2844 

BARRACK 

OFFICE 

13132 

0.40 

18.7 

3161 

2.02 

2845 

BARRACK 

OFFICE 

13132 

0.40 

18.7 

3161 

2.02 

2846 

BARRACK 

OFFICE 

13132 

0.40 

18.7 

3161 

2.02 

2847 

BARRACK 

BARRACK- N 

13132 

0.40 

18.7 

3411 

1.59 

2854 

BARRACK 

BARRACK- N 

13132 

0.40 

18.7 

3411 

1.59 

2856 

BARRACK 

BARRACK- N 

13132 

0.40 

18.7 

3411 

1.59 

2857 

BARRACK 

BARRACK- N 

13132 

0,40 

18.7 

3411 

1.59 

2858 

DAY ROOM 

OFFICE 

12084 

0.43 

40.0 

3161 

1.86 

2859 

BARRACK 

BARRACK- N 

13132 

0.40 

19.0 

3411 

1.59 

ENERGY  PLANT  TOTAL 

5.61 

305.70 

3.67 

B-5 


BUILDING  CONNECTED 
11 -Apr-91 _  TO  CENTRAL  PLANT 


Energy 

PIcint 

Bldg 

Number 

Bldg 

Name 

Bldg 

use 

Bldg 

SF 

Bldg 

MBH 

Bldg 

ton 

Similar 

Bldg 

Ratio  of 
Sq.Fl 

5676  * 

5676 

BARRACK 

BARRACK 

89660.8 

3.28 

155.1 

3411 

10.87 

BARRACK 

OFFICE 

17932.2 

3161 

2.76 

3.28  155.10  1.86 

5678  * 

5678 

BARRACK 

BARRACK 

103333 

3.91 

201.6 

3411 

12.53 

BARRACK 

OFFICE 

20666.7 

3161 

3.18 

3.91  201.60  2.42 

3442  * 
* 

* 

* 

* 

* 

* 

* 

•k 

* 

* 

* 

* 

* 

★ 

* 

* 

3411 

BARRACK 

BARRACK 

36569 

1.26 

61.9 

3411 

4.43 

3412 

BARRACK 

BARRACK 

36569 

1.26 

61.9 

3411 

4.43 

3413 

BARRACK 

BARRACK 

36569 

1.26 

61.9 

3411 

4.43 

3414 

BARRACK 

BARRACK 

36569 

1.26 

61.9 

3411 

4.43 

3415 

BARRACK 

BARRACK 

36569 

1.26 

61.9 

3411 

4.43 

3416 

BARRACK 

OFFICE 

36569 

1.26 

61.9 

3161 

5.63 

3417 

BARRACK 

OFFICE 

36569 

1.26 

61.9 

3161 

5.63 

3418 

BARRACK 

OFFICE 

36569 

1.26 

61.9 

3161 

5.63 

3419 

BARRACK 

OFFICE 

36569 

1.26 

61.9 

3161 

5.63 

3420 

BARRACK 

OFFICE 

36569 

1.26 

61.9 

3161 

5.63 

3421 

BARRACK 

OFFICE 

36569 

1.26 

61.9 

3161 

5.63 

3422 

BARRACK 

OFFICE 

36569 

1.26 

61.9 

3161 

5.63 

3423 

BARRACK 

BARRACK- N 

36569 

1.26 

61.9 

3411 

4.43 

3424 

BARRACK 

BARRACK- N 

36569 

1.26 

61.9 

3411 

4.43 

3425 

BARRACK 

BARRACK- N 

36569 

1.26 

61.9 

3411 

4.43 

3426 

BARRACK 

BARRACK- N 

36569 

1.26 

61.9 

3411 

4.43 

3427 

BARRACK 

BARRACK- N 

36569 

1.26 

61.9 

3411 

4.43 

3428^ 

BARRACK 

BARRACK- N 

36569 

1.26 

61.9 

3411 

4.43 

3429 

BARRACK 

BARRACK- N 

36569 

1.26 

61.9 

3411 

4.43 

3430 

BARRACK 

BARRACK- N 

36569 

1.26 

61.9 

3411 

4.43 

3440 

BARRACK 

BARRACK- N 

36569 

1.26 

61 .9 

3411 

4.« 

ENERGY  PLANT  TOTAL  26.38  1299.90  15.60 

914 

900 

BARRACK 

OFFICE-N 

61498 

1.86 

82.0 

3161 

9.46 

912 

BARRACK 

OFFICE -N 

97470 

2.72 

120.0 

3161 

15.00 

913 

BARRACK 

OFFICE-N 

96029 

2.52 

118.0 

3161 

14.77 

914 

BARRACK 

BARRACK 

82462.5 

2.86 

118.0 

3411 

10.00 

ENERGY  PLANT  TOTAL  2.86  438.00  5.26 

4701  * 

470C 

ADMINIS. 

OFFICE 

197112 

4.2584 

423.1 

3161 

30.32 

4,26 

423.10 

5.08 

B-6 


ESTIMATED  MONTHLY  HEATING  LOAD 
LISTED  BY  CENTRAL  PLANT 
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HISTORICAL  WEATHER  DATA  AT  FT.  SILL 
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HISTORICAL  DATA 
OF 

HEATING  AND  COOLING  PERIOD 
AT  FT.  SILL,  OKLAHOMA 

[H~C-DAYS.WK3] 


Year 

Cooling 

Cooling 

Day 

Heating 

Heating 

Day 

Spring 

Day 

Fall 

Day 

From 

To 

From 

To 

1981 

30-May-81 

15-Oct-81 

135 

04-Oct-81 

21  -Apr-82 

197 

46 

1982 

07-Jun-82 

22-Sep-82 

105 

23-Oct-82 

12- Apr-83 

169 

31 

61 

1983 

13-Jun-83 

20-Sep-83 

97 

22-Oct-83 

24-Apr-84 

182 

32 

44 

1984 

08-Jun-84 

24-Sep-84 

106 

25-Oct-84 

19- Apr-85 

174 

31 

40 

1985 

29-May-85 

26 -Sep-85 

117 

04-Oct-85 

05 -Apr-86 

181 

8 

63 

1986 

08-Jun-86 

(O 

00 

1 

o 

O 

1 

CO 

o 

118 

14-Oct-86 

08 -Apr-87 

174 

8 

41 

1987 

19-May-87 

29 -Sep-87 

130 

12- Nov-87 

24-Apr-88 

162 

43 

14 

1988 

08-Mav-88 

29-Sep-88 

141 

12-NOV-88 

11 -Apr-89 

149 

43 

AVG.  NUMBER  OF  DAYS 

119 

174 

28 

44 

THESE  INFORMATION  WERE  GIVEN  TO  EMC  BY  FT.  SILL.  THIS  INDICATES  WHEN  HEATING  AND  COOLING  BEGIN 
AND  END.  THE  AVERAGE  NUMBER  OF  DAYS  ARE  USED  IN  THE  PC-CUBE  PROGRAM  TO  CALCULATE  ENERGY 
CONSUMPTION. 

THE  DESIGN  COOLING  AND  HEATING  SET  POINTS  ARE: 

101  DEGREE  F  (DB)  FOR  COOLING 
12  DEGREE  F  (DB)  FOR  HEATING 

BASE  ON  THE  AVERAGE  TEMPERATURE  AT  FT.  SILL,  THE  PEAK  HEATING  AND  COOLING  OCCUR  ON  THE 
FOLLOWING  MONTHS 


MONTH 

HTG 

CLG 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 

JAN 

FEB 

MAR 

APR 

MONTHS  WHERE  PEAK  HEATING/COOLING  REQUIRED 
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SILL /POST  AAF  OKLAHOMA 
4  39N  LONG  98  24W 


fOftr  •li.L/rOSr  AAT  ONt< 


OKLAHOMA  CITY,  OKLAHOMA  35-24N  97-36W  1285  FT.  ELEV.  APRIL 


TEMP  BIN 


TIME  GROUP  HORIZ.  SOLAR 

5-8  9  ~  12  13-16  17-20  21-24  TOTAL  (BTUH/SQ.FT. ) 


DRY-BULB  TEMPERATURES: 

90  /  94 
85  /  89 
80  /  84 
75  /  79 
70  /  74 

65  /  69 
60  /  64 

55  /  59 
50  /  54 

45  /  49 

40  /  44 

35  /  39 
30  /  34 

j  WET-BULB  TEMPERATURES: 

72/73 
70  /  71 

I  68/69 

66  /  67 
64  /  65 

62  /  63 
60  /  61 
58  /  59 

56  /  57 
54  /  55 

52  /  53 
50  /  51 
48  /  49 

46  /  47 
44  /  45 

42  /  43 
40  /  41 
38  /  39 

36  /  37 
34  /  35 

32  /  33 


HOURS  OF  OCCURRENCE  (MCWB) 


0  ( 

0  ) 

0  ( 

0  ) 

0 

( 

0  ) 

2 

( 

71  ) 

0  ( 

0  ) 

0  ( 

0  ) 

0 

( 

0  ) 

16 

{ 

70 

) 

0  ( 

0  ) 

0  ( 

0  ) 

7 

{ 

69 

) 

15 

( 

63 

) 

0  ( 

0  ) 

0  ( 

0  ) 

14 

( 

65 

) 

17 

( 

63 

) 

19  ( 

66 

) 

12  ( 

66  ) 

20 

( 

63 

) 

13 

( 

59 

) 

11  ( 

63 

) 

18  { 

64  ) 

11 

{ 

56 

) 

9 

( 

51  ] 

1 

15  ( 

56 

) 

7  ( 

59  ) 

14 

( 

49 

) 

21 

( 

47 

) 

11  ( 

50 

) 

6  ( 

51  ) 

17 

( 

46 

) 

9 

( 

45  ] 

1 

14  ( 

44 

) 

22  ( 

46  } 

10 

{ 

42 

) 

9 

( 

43  ) 

14  ( 

41 

) 

13  ( 

42  ) 

17 

( 

42 

) 

9 

( 

41  : 

) 

19  ( 

37 

) 

23  { 

38  ) 

10 

( 

38 

) 

0 

( 

0  ) 

14  ( 

35 

) 

16  ( 

35  ) 

0 

( 

0  ) 

0 

( 

0  ) 

3  ( 

32 

) 

3  ( 

32  ) 

0 

( 

0  ) 

0 

( 

0  ) 

HOURS  OF 

OCCURRENCE 

(MCDB) 

0  ( 

0  ) 

0  ( 

0  ) 

0 

( 

0  ) 

3 

( 

86 

) 

0  ( 

0  ) 

0  ( 

0  > 

4 

( 

81 

) 

12 

( 

87 

) 

0  ( 

0  ) 

1  ( 

74  ) 

7 

( 

79 

) 

13 

( 

:  81 

) 

13  ( 

71 

) 

11  ( 

:  70  ) 

13 

( 

75 

) 

5 

{ 

76 

) 

14  ( 

69 

) 

11  < 

;  69  ) 

9 

( 

72 

) 

3 

( 

75 

) 

2  ( 

67 

) 

7  ( 

67  ) 

3 

( 

70 

) 

8 

( 

80 

) 

3  ( 

63 

) 

3  ( 

65  ) 

1 

( 

76 

) 

1 

( 

72 

) 

3  { 

63 

) 

3  ( 

64  ) 

2 

( 

70 

) 

6 

( 

74 

) 

5  ( 

64 

) 

0  ( 

0  ) 

6 

( 

69 

) 

5 

( 

77 

) 

4  ( 

60 

) 

2  ( 

56  ) 

4 

( 

67 

) 

7 

( 

75 

) 

1  ( 

59 

) 

0  ( 

0  ) 

8 

( 

67 

) 

4 

( 

67 

) 

5  ( 

57 

) 

4  ( 

57  ) 

4 

( 

61 

) 

11  1 

(  61 

) 

5  ( 

58 

) 

5  ( 

53  ) 

8 

( 

58 

) 

7 

( 

58 

) 

6  ( 

52 

) 

7  ( 

53  ) 

9 

( 

53 

) 

7 

( 

62 

) 

4  ( 

51 

) 

12 

(  52  ) 

8 

( 

56 

) 

13 

(  59 

) 

7  ( 

47 

) 

8  ( 

48  ) 

9 

( 

53 

) 

5 

( 

52 

) 

11 

(  47 

’  ) 

7  ( 

45  ) 

11 

(  48  ) 

2 

( 

47 

) 

13 

(  42 

!  ) 

7  ( 

42  ) 

8 

( 

46 

) 

8 

( 

51 

) 

11 

(  39  ) 

18 

(  40  ) 

6 

( 

43 

) 

.0 

( 

0  ) 

8  ( 

38 

) 

8  ( 

37  ) 

0 

( 

0  ] 

1 

0 

( 

0  ) 

4  ( 

36 

) 

6  ( 

35  ) 

0 

( 

0  : 

) 

0 

( 

0  ) 

1  ( 

71  ) 

0  1 

[  0  ) 

3  ( 

71  ) 

123 

4  ( 

70  ) 

0  1 

[  0  ) 

20 

(  70  ) 

196 

11 

(  67 

) 

0  1 

[  0  ) 

33 

(  66  ) 

199 

20 

(  66 

) 

8  1 

(  68  ) 

59 

(  65  ) 

142 

18 

(  62 

) 

26 

(  66  ) 

108 

(  64  ) 

134 

9  ( 

53  ] 

1 

11 

(  58  ) 

69 

(  59  ) 

142 

15 

(  48 

) 

11 

(  53  ) 

83 

(  51  ) 

140 

18 

(  46 

) 

7 

(  48  ) 

68 

(  47  ) 

168 

9  ( 

43  : 

\ 

21 

(  45  ) 

85 

(  44  ) 

130 

13 

(  41 

) 

15 

(  41  ) 

81 

(  41  ) 

103 

2  ( 

39  : 

I 

16 

(  39  ) 

70 

(  38  ) 

73 

0  { 

0  ) 

5 

(  36  ) 

35 

(  35  ) 

39 

0  ( 

0  ) 

0 

(  0  ) 

6  ( 

32  ) 

44 

1 

( 

85  ) 

0  1 

[  0  ) 

4  ( 

86  ) 

7 

( 

82  ) 

0  1 

(  0  ) 

23 

( 

84 

) 

13 

( 

80  ) 

7  1 

(  75  ) 

41 

( 

79 

) 

13 

( 

75  ) 

19 

(  73  ) 

74 

( 

73 

) 

2 

( 

74  ) 

9 

(  71  ) 

48 

( 

71 

) 

5 

( 

79  ) 

0 

{  0  ) 

25 

( 

74 

) 

3 

( 

72  ) 

1 

(  70  ) 

12 

( 

68 

) 

5 

( 

75  ) 

6 

(  65  ) 

25 

( 

69 

) 

1 

( 

66  ) 

4 

(  63  ) 

21 

( 

68 

) 

7 

( 

71  ) 

4 

(  63  ) 

28 

( 

67 

) 

8 

( 

64  ) 

3 

(  64  ) 

24 

( 

65 

) 

6 

( 

58  ) 

3 

(  61  ) 

33 

( 

59 

) 

IG 

►  ( 

:  60  ) 

4 

(  58  ) 

39 

( 

58 

) 

9 

( 

56  ) 

5 

(  53  ) 

43 

( 

55 

) 

11  1 

[  57  ) 

15 

(  52  ) 

63 

( 

55 

) 

7 

( 

50  ) 

11 

(  50  ) 

47 

( 

50 

) 

3 

( 

46  ) 

11 

(  46  ) 

45 

( 

47 

) 

8 

( 

48  ) 

7 

(  43  ) 

51 

( 

45 

) 

1 

( 

47  ) 

7 

(  41  ) 

43 

( 

41 

) 

0 

( 

0  ) 

4 

(  38  ) 

20 

( 

38 

) 

0 

( 

0  ) 

0 

(  0  ) 

10 

( 

35 

) 

AVERAGE  VALUES: 

DRY-BULB  AVERAGES 
WET-BULB  AVERAGES 
DAILY  HORIZONTAL  SOLAR 
WIND  SPEED  AVERAGES 


53,5 

52.3 

48.6 

47.8 

120 

14.9 

16.3 

61.6 

69.4 

52.2 

55.6 

727 

751 

18.1 

17.7 

65.8 

58 

54.6 

51.4 

132 

15.6 

14.3 

60.1 

DEG.F 

51.7 

DE6.F 

1730 

BTU/SQ.FT 

16.1 

MPH 

B-27 


OKLAHOMA  CITY,  OKLAHOMA  35-24N  97-36W  1285  FT.  ELEV.  MAY 


TIME  GROUP 


HORIZ.  SOLAR 


DRY-BULB  TEMPERATURES; 


WET-BULB  TEMPERATURES; 


TEMP 

BIN 

1  - 

4 

5  - 

8 

9  - 

12 

13 

-  16 

17 

-  20 

21 

-  24 

TOTAL  (BTUH/SQ.: 

l: 

HOURS  OF 

OCCURRENCE 

(MCWB) 

90 

/ 

94 

0  ( 

0  ) 

0  ( 

0  ) 

0  ( 

0  ) 

4  ( 

68  ; 

) 

1  ( 

64  ) 

0  ( 

0  ) 

5  ( 

67  ) 

196 

85 

/ 

89 

0  ( 

0  ) 

0  ( 

0  ) 

2  ( 

72  ) 

18 

(  70 

) 

6  ( 

70  ) 

0  ( 

0  ) 

26 

(  70  ) 

209 

80 

/ 

84 

0  ( 

0  ) 

0  ( 

0  ) 

17 

(  68 

) 

40 

(  68 

) 

28 

(  68  ) 

0  ( 

0  ) 

85 

(  68  ) 

157 

75 

/ 

79 

1  ( 

70  ) 

3  ( 

71  ) 

27 

(  66 

) 

25 

(  63 

) 

34 

(  66  ) 

12 

(  67  ) 

102 

(  66  ) 

150 

70 

/ 

74 

15 

(  64  ) 

14 

{  65 

) 

30 

(  62 

) 

14 

(  60 

) 

26 

(  63  ) 

27 

(  64  ) 

126 

C  63  ) 

154 

65 

/ 

69 

37 

(  62  ) 

29 

(  62 

) 

20 

(  57 

) 

12 

(  54 

) 

14 

(  55  ) 

35 

{  62  ) 

147 

(  60  ) 

133 

60 

/ 

64 

34 

{  58  ) 

28 

(  56 

) 

17 

(  54 

) 

8  { 

54  ] 

\ 

7  ( 

53  ) 

24 

(  57  ) 

118 

(  56  ) 

106 

55 

/ 

59 

16 

(  53  ) 

35 

(  53 

) 

9  ( 

53  ) 

3  ( 

56  ] 

\ 

7  ( 

52  ) 

18 

(  52  ) 

88 

(  53  ) 

60 

50 

/ 

54 

12 

(  48  ) 

7  ( 

47  ) 

2  ( 

43  ) 

0  ( 

0  ) 

1  ( 

46  ) 

5  ( 

47  ) 

27 

(  47  ) 

96 

45 

/ 

49 

5  ( 

45  ) 

5  { 

43  ) 

0  ( 

0  ) 

0  ( 

0  ) 

0  ( 

0  ) 

3  ( 

44  ) 

13 

(  44  ) 

56 

40 

/ 

44 

4  ( 

40  ) 

2  ( 

40  ) 

0  ( 

0  ) 

0  ( 

0  ) 

0  ( 

0  ) 

0  ( 

0  ) 

6  ( 

40  ) 

0 

35 

/ 

39 

0  ( 

0  ) 

1  ( 

37  ) 

0  ( 

0  ) 

0  ( 

0  ) 

0  ( 

0  ) 

0  ( 

0  ) 

1  ( 

37  ) 

8 

HOURS  OF 

OCCURRENCE 

(MCDB) 

74 

/ 

75 

0  ( 

0  ) 

0  ( 

0  ) 

0  ( 

0  ) 

1  ( 

87  ] 

1 

0  ( 

0  ) 

0  ( 

0  ) 

1  ( 

87  ) 

72 

/ 

73 

0  ( 

0  ) 

0  ( 

0  ) 

5  ( 

81  ) 

21 

(  84 

) 

7  ( 

85  ) 

0  ( 

0  ) 

33 

(  84  ) 

70 

/ 

71 

2  ( 

74  ) 

4  ( 

75  ) 

7  { 

80  ) 

6  ( 

82  ) 

1 

15 

(  80  ) 

0  ( 

0  ) 

34 

(  79  ) 

68 

/ 

69 

2  ( 

73  ) 

1  ( 

72  ) 

16 

(  79 

) 

22 

(  81 

) 

21 

(  78  ) 

12 

(  75  ) 

74 

(  78  ) 

66 

/ 

67 

2  ( 

71  ) 

4  ( 

70  ) 

15 

(  75 

) 

10 

(  81 

) 

17 

(  77  ) 

7  ( 

72  ) 

55 

(  76  ) 

64 

/ 

65 

8  ( 

69  ) 

11 

(  69 

) 

13 

(  73 

) 

10 

(  81 

) 

8  ( 

78  ) 

19 

(  71  ) 

69 

(  73  ) 

62 

/ 

63 

27 

(  66  ) 

19 

(  67 

) 

7  ( 

75  ) 

13 

(  79 

) 

12 

(  78  ) 

20 

(  68  ) 

98 

(  71  ) 

60 

/ 

61 

16 

(  65  ) 

9  ( 

65  ) 

9  ( 

73  ) 

4  ( 

79  ) 

1 

6  ( 

73  ) 

18 

(  67  ) 

62 

(  69  ) 

58 

/ 

59 

11 

(  62  ) 

11 

(  63 

) 

10 

(  70 

) 

5  ( 

65  ) 

2  ( 

73  ) 

8  ( 

66  ) 

47 

(  65  ) 

56 

/ 

57 

14 

(  62  ) 

14 

(  60 

) 

15 

(  62 

) 

10 

(  70 

) 

10 

(  70  ) 

3  ( 

64  ) 

66 

(  64  ) 

54 

/ 

55 

8  ( 

60  ) 

15 

(  59 

) 

7  ( 

64  ) 

13 

(  69 

) 

12 

(  64  ) 

11 

(  59  ) 

66 

(  63  ) 

52 

/ 

53 

8  ( 

60  ) 

7  { 

58  ) 

8  ( 

66  ) 

6  ( 

66  ) 

8  ( 

66  } 

8  ( 

58  ) 

45 

(  62  ) 

50 

/ 

51 

5  C 

54  ) 

6  { 

57  ) 

8  ( 

63  ) 

2  ( 

64  } 

1 

2  ( 

60  ) 

4  ( 

59  ) 

27 

(  59  ) 

48 

/ 

49 

6  ( 

54  } 

11 

(  57 

) 

1  ( 

58  ) 

1  ( 

60  ) 

1 

2  ( 

60  ) 

8  ( 

56  ) 

29 

(  56  ) 

46 

/ 

47 

7  C 

51  ) 

3  C 

52  ) 

1  ( 

57  ) 

0  ( 

0  ) 

2  ( 

54  ) 

2  ( 

52  ) 

15 

(  52  ) 

44 

/ 

45 

3  ( 

48  ) 

3  ( 

48  ) 

0  { 

0  ) 

0  ( 

0  ) 

0  ( 

0  ) 

2  ( 

49  ) 

8  ( 

48  ) 

42 

/ 

43 

1  ( 

45  ) 

2  ( 

47  ) 

2  ( 

52  ) 

0  ( 

0  ) 

0  ( 

0  ) 

2  ( 

46  ) 

7  ( 

48  ) 

40 

/ 

41 

3  ( 

43  ) 

2  ( 

45  ) 

0  ( 

0  ) 

0  ( 

0  ) 

0  ( 

0  ) 

0  ( 

0  ) 

5  ( 

43  ) 

38 

/ 

39 

1  ( 

40  ) 

1  ( 

40  ) 

0  ( 

0  ) 

0  ( 

0  ) 

0  ( 

0  ) 

0  ( 

0  ) 

2  ( 

40  ) 

36 

/ 

37 

0  ( 

0  ) 

1  ( 

39  ) 

0  ( 

0  ) 

0  ( 

0  ) 

0  ( 

0  ) 

0  ( 

0  ) 

1  ( 

39  ) 

AVERAGE  VALUES; 


DRY-BULB  AVERAGES 

WET-BULB  AVERAGES 

DAILY  HORIZONTAL  SOLAR 

WIND  SPEED  AVERAGES 

61.6 

57.1 

13.8 

61.5 

56.6 

172 

14.3 

71.1 

61.2 

770 

16.1 

77.5 

63.9 

814 

16.9 

74.3 

63 

174 

15.4 

65.4 

59.4 

13.5 

68.6 

60.2 

1930 

15 

DEG.F 

DEQ.F 

BTU/SQ.FT. 

MPH 

WIND  FREQUENCIES: 

HOURS  OF  OCCURRENCE  | 

(PREVAILING  DIRECTION) 

<  5.5  MPH 

0  (*) 

3  (ENE) 

3  (S) 

4  (E) 

2  (SSW) 

0  {*) 

12  (S) 

5.5-14.4  MPH 

78  (SSE) 

55  (SSE) 

40  (SSE) 

36  (SSE) 

51  (SSE) 

80  (SE) 

340  (SSE) 

B-28 


OKLAHOMA  CITY,  OKLAHOMA  35-24N  97-36W  1285  FT.  ELEV.  JUNE 

TIME  GROUP  HORIZ.  SOLAR 

TEMP  BIN  1-4  5-8  9-12  13-16  17-20  21-24  TOTAL  (BTUH/SQ.FT. ) 


DRY-BULB  TEMPERATURES:  HOURS  OF  OCCURRENCE  (MCWB) 


95 

/ 

99 

0  ( 

0  ) 

0  ( 

0  ) 

0  ( 

0  ) 

2  ( 

77  ) 

0  ( 

0  ) 

0  ( 

0  ) 

2  ( 

77  ) 

219 

90 

/ 

94 

0  ( 

0  ) 

0  ( 

0  ) 

6  ( 

76  ) 

40  ( 

75  ) 

16 

(  75  ) 

0  ( 

0  ) 

62 

(  75  ) 

209 

85 

/ 

89 

0  ( 

0  ) 

0  ( 

0  ) 

30  ( 

74  ) 

34  ( 

74  ) 

32 

(  73  ) 

4  ( 

74  : 

> 

100 

(  74  ) 

201 

80 

/ 

84 

6  { 

72  ) 

5  ( 

72  ) 

32  ( 

73  ) 

14  ( 

68  ) 

31 

(  72  ) 

15  ( 

71 

) 

103 

(  72  ) 

175 

75 

/ 

79 

19  ( 

[  70  ) 

20  { 

71  ) 

21  ( 

69  ) 

10  1 

67  ) 

15 

(  68  ) 

40  ( 

71 

) 

125 

(  70  ) 

152 

70 

/ 

74 

55  1 

(  69  ) 

45  ( 

69  ) 

11  ( 

:  65  ) 

9  ( 

65  ) 

13 

(  67  ) 

33  ( 

69 

) 

166 

(  68  ) 

101 

65 

/ 

69 

20  1 

(  66  ) 

29  ( 

65  ) 

13  ( 

:  63  ) 

7  ( 

65  ) 

9  ( 

64  ) 

18  ( 

64 

) 

96 

(  65  ) 

74 

60 

/ 

64 

10  1 

(  59  ) 

12  ( 

61  ) 

3  ( 

60  ) 

2  ( 

53  ) 

4  ( 

56  ) 

8  ( 

59 

) 

39 

(  59  ) 

62 

55 

/ 

59 

8  { 

56  ) 

6  ( 

55  ) 

3  ( 

55  ) 

2  ( 

53  ) 

0  ( 

0  ) 

2  ( 

53 

) 

21 

(  55  ) 

63 

50 

/ 

54 

2  ( 

51  ) 

3  ( 

50  ) 

1  ( 

52  ) 

0  ( 

0  ) 

0  ( 

0  ) 

0  ( 

0  ) 

6  ( 

51  ) 

47 

WET-BULB  TEMPERATURES: 

HOURS  OF 

OCCURRENCE 

(MCDB) 

78 

/ 

79 

0  ( 

0  ) 

0  { 

0  ) 

3  ( 

91  ) 

4  { 

94  ) 

4  ( 

93  ) 

0  ( 

0  ) 

11 

(  93  ) 

76 

/ 

77 

0  ( 

0  ) 

0  ( 

0  ) 

1  ( 

86  ) 

12  1 

[  93  ) 

6  ( 

91  ) 

0  ( 

0  ) 

19 

(  92  ) 

74 

/ 

75 

0  ( 

0  ) 

1  ( 

82  } 

26  1 

[  86  ) 

34  1 

(  88  ) 

26 

(  87  ) 

4  ( 

85 

) 

91 

(  87  ) 

72 

/ 

73 

13 

(  77  ) 

8  ( 

78  ) 

41  1 

[  84  ) 

28  1 

(  88  ) 

27 

(  84  ) 

28  ( 

78 

) 

145 

{  83  ) 

70 

/ 

71 

32 

{  74  ) 

32  1 

[  74  ) 

12  1 

[  78  ) 

9  ( 

81  ) 

20 

(  81  ) 

28  ( 

76 

) 

133 

(  76  ) 

68 

/ 

69 

26 

(  71  ) 

23  1 

(  72  ) 

7  ( 

70  ) 

6  ( 

76  ) 

11 

(  79  ) 

21  ( 

73 

) 

94 

(  73  ) 

66 

/ 

67 

20 

(  71  ) 

22  1 

(  69  ) 

4  ( 

73  ) 

9  ( 

76  ) 

10 

{  73  ) 

15  ( 

71 

) 

80 

(  72  ) 

64 

/ 

65 

5  ( 

67  ) 

8  ( 

67  ) 

5  ( 

71  ) 

4  { 

71  ) 

2  ( 

68  ) 

4  ( 

72 

) 

28 

(  69  ) 

62 

/ 

63 

4  ( 

65  ) 

8  ( 

64  ) 

9  ( 

68  ) 

6  ( 

75  ) 

6  ( 

72  ) 

8  ( 

66 

) 

41 

(  68  ) 

60 

/ 

61 

4  ( 

62  ) 

6  ( 

63  ) 

4  ( 

75  ) 

3  ( 

73  ) 

4  ( 

72  ) 

3  { 

63 

) 

24 

(  68  ) 

58 

/ 

59 

6  ( 

61  ) 

3  ( 

62  ) 

1  ( 

58  ) 

1  ( 

71  ) 

0  ( 

0  ) 

4  ( 

65 

) 

15 

(  62  ) 

56 

/ 

57 

4  ( 

59  ) 

3  ( 

58  ) 

2  ( 

69  ) 

0  ( 

0  ) 

2  ( 

64  ) 

1  ( 

64 

) 

12 

{  62  ) 

54 

/ 

55 

3  ( 

58  ) 

3  ( 

58  ) 

3  C 

62  ) 

0  ( 

0  ) 

2  ( 

63  ) 

2  ( 

62 

) 

13 

(  60  ) 

52 

/ 

53 

1  ( 

55  ) 

0  ( 

0  ) 

2  ( 

55  ) 

4  ( 

59  ) 

0  ( 

0  ) 

2  ( 

58 

) 

9  ( 

57  ) 

50 

/ 

51 

2  ( 

53  ) 

2  ( 

53  ) 

0  ( 

0  ) 

0  ( 

0  ) 

0  ( 

0  ) 

0  { 

0  ) 

4  ( 

53  ) 

48 

/ 

49 

0  ( 

0  ) 

1  ( 

50  ) 

0  { 

0  ) 

0  ( 

0  ) 

0  ( 

0  ) 

0  ( 

0  ) 

1  ( 

50  ) 

AVERAGE  VALUES: 


DRY-BULB  AVERAGES 

70.1 

69.8 

79.1 

WET-BULB  AVERAGES 

66.8 

66.6 

69.9 

DAILY  HORIZONTAL  SOLAR 

197 

868 

WIND  SPEED  AVERAGES 

11.3 

12.2 

15.7 

84.1 

81.5 

73.6 

76.4 

DEG.F 

71 

70.5 

68.2 

68.8 

DEG.F 

869 

216 

2149 

BTU/ SQ.FT 

•15.4 

14 

12.2 

13.5 

MPH 

WIND  FREQUENCIES: 

<5.5  MPH 
5.5-14.4  MPH 
14.5-21.0  MPH 
>21.0  MPH 


HOURS  OF 

OCCURRENCE 

(PREVAILING 

DIRECTION) 

15 

(S) 

9  (NNW) 

2  (NNE) 

5  (NNW) 

3  (NE) 

4  (NE) 

38  (N) 

77 

(SSE) 

72  (SSE) 

51  (SSW) 

44  (SSE) 

59  (SSE) 

82  (SSE) 

385  (SSE) 

27 

(SSE) 

33  (S) 

46  (SSW) 

53  (S) 

53  (SSE) 

34  (SSE) 

246  (SSE) 

1 

(NNW) 

6  (S) 

21  (S) 

18  (S) 

5  (SSE) 

0  r) 

51  (S) 

DEGREE  HOURS  (HEATING /COOLING)  TIME  GROUP 


B-29 


OKLAHOMA  CITY,  OKLAHOMA  35-24N  97-36W  1285  FT.  ELEV.  JULY 


TEMP  BIN 


1-4 


5-8 


TIME  GROUP 

9-12  13-16  17  -  20  21  -  24 


HORIZ.  SOLAR 
TOTAL  (BTUH/SQ.FT. ) 


DRY-BULB  TEMPERATURES: 


100  /  104 


WET-BULB  TEMPERATURES 


HOURS  OF  OCCURRENCE  (MCWB) 


0 

(  0  ) 

0 

(  0  ) 

0(0) 

2 

(  77  ] 

1 

0  ( 

0  ) 

0  ( 

0  ) 

2  ( 

77  ) 

208 

95 

/ 

99 

0 

(  0  ) 

0 

(  0  ) 

2  (  76  ) 

42 

(  77 

) 

21 

(  76  ) 

0  ( 

0  ) 

65  ( 

77  ) 

203 

90 

/ 

94 

0 

(  0  ) 

0 

(  0  ) 

32  (  76  ) 

35 

(  77 

) 

31 

(  76  ) 

0  ( 

0  ) 

98  ( 

76  ) 

196 

85 

/ 

89 

2 

(  73  ) 

0 

(  0  ) 

38  (  75  ) 

23 

(  75 

) 

26 

(  75  ) 

15 

(  74  ) 

104 

(  75  ) 

201 

80 

/ 

84 

10 

(  72 

) 

23 

(  73 

) 

29  (  74  ) 

16 

(  74 

) 

32 

(  74  ) 

39 

(  73  ) 

149 

(  74  ) 

131 

75 

/ 

79 

53 

(  72 

) 

40 

(  72 

) 

14  (  72  ) 

6 

(  74  ] 

1 

11 

(  73  ) 

40 

(  73  ) 

164 

(  72  ) 

83 

70 

/ 

74 

50 

(  71 

) 

51 

(  70 

) 

9  (  71  ) 

0 

(  0  ) 

3  ( 

72  ) 

28 

(  71  ) 

141 

(  70  ) 

38 

65 

/ 

69 

9 

(  67  ) 

10 

(  67 

) 

0(0) 

0 

(  0  ) 

0  ( 

0  ) 

2  ( 

68  ) 

21  ( 

67  ) 

23 

1: 

HOURS  OF  OCCURRENCE  (MCDB) 

80 

/ 

81 

0 

(  0  ) 

0 

(  0  ) 

0(0) 

3 

(  90  ] 

1 

0  ( 

0  ) 

.0  ( 

0  ) 

3  ( 

90  ) 

78 

/ 

79 

0 

(  0  ) 

0 

(  0  ) 

6  (  91  ) 

19 

(  94 

) 

6  ( 

94  ) 

1  ( 

87  ) 

32  ( 

93  ) 

76 

/ 

77 

0 

(  0  ) 

1 

(  81  ) 

37  (  89  ) 

55 

(  94 

) 

45 

(  90  ) 

8  ( 

83  ) 

146 

(  91  ) 

74 

/ 

75 

11 

(  78 

) 

12 

(  80 

) 

44  (  86  ) 

34 

(  87 

) 

48 

(  88  ) 

31 

(  81  ) 

180 

(  85  ) 

72 

/ 

73 

35 

(  76 

) 

39 

(  78 

) 

27  (  79  ) 

13 

(  83 

) 

21 

(  82  ) 

52 

(  78  ) 

187 

(  79  ) 

70 

/ 

71 

46 

(  75 

) 

43 

(  74 

) 

9  (  76  ) 

0 

(  0  ) 

3  ( 

80  ) 

23 

(  77  ) 

124 

(  75  ) 

68 

/ 

69 

24 

(  73 

) 

20 

(  72 

) 

1  (  74  ) 

0 

(  0  ) 

1  ( 

76  ) 

8  ( 

72  ) 

54  ( 

73  ) 

66 

/ 

67 

8 

(  68  ) 

8 

(  69  ) 

0(0) 

0 

(  0  ) 

0  ( 

0  ) 

1  ( 

69  ) 

17  ( 

69  ) 

64 

/ 

65 

0 

(  0  ) 

1 

(  66  ) 

0(0) 

0 

(  0  ) 

0  ( 

0  ) 

0  ( 

0  ) 

1  ( 

66  ) 

AVERAGE  VALUES: 


DRY-BULB  AVERAGES 

74.9 

75.1 

84.8 

90.9 

87. 

.5 

78.6 

82  DE6.F 

WET-BULB  AVERAGES 

70.8 

70.9 

74.5 

76 

74. 

.9 

72.6 

73-3  DEG.F 

‘  HORIZONTAL  SOLAR 

185 

870 

882 

185 

2124  BTU/SQ.FT. 

WIND 

SPEED  AVERAGES 

9.600001 

10.3 

13.6 

13.2 

11. 

.9 

10.9 

11.6  MPH 

WIND  FREQUENCIES: 

HOURS 

OF  OCCURRENCE  (PREVAILING  DIRECTION) 

<  5.5  MPH 

10  (S) 

11  (N) 

3  (ESE) 

5  (NE) 

5  (SW) 

3  (SSE) 

37  (N) 

5.5-14.4  MPH 

106  (S) 

94  (S) 

74  (SSW) 

64  (SSE) 

81 

(S) 

102  (SSE) 

521  (SSE) 

14.5-21.0  MPH 

7  (SSE) 

i  16  (SSW) 

40  (SSW) 

52  (SSW) 

38 

(S) 

19  (SSE) 

172  (SSW) 

>21.0  MPH 

1  (N) 

3  (SSW) 

7  (SSW) 

3  (SSW) 

0  ( 

[*) 

0  (*) 

14  (SSW) 

DEGREE  HOURS 

(HEATING/COOLING) 

TIME  GROUP 

TEMP  BASE 

1-4 

5-8 

9 

-  12 

13  -  16  ■ 

17  -  20 

21  -  24 

TOTAL 

75 

189  /  179 

203  /  221 

19  / 

'  1231  0  / 

1977 

3 

/  1553 

64  , 

f  516 

478  /  5677 

70 

17  /  627 

20  /  658 

0  / 

1832 

0  / 

2597 

0 

/  2170 

2 

/ 

1074 

39  /  8958 

65 

0  /  1230 

0 

/  1258 

0  / 

2452 

0  / 

3217 

0 

/  2790 

0 

/ 

1692 

0  /  12639 

60 

0  /  1850 

0 

/  1878 

0  / 

3072 

0  / 

3837 

0 

/  3410 

0 

/ 

2312 

0  /  16359 

57 

0  /  2222 

0 

/  2250 

0  / 

3444 

0  / 

4209 

0 

/  3782 

0 

/ 

2684 

0  /  18591 

0  /  2470 

0 

/  2498 

0  / 

3692 

0  / 

4457 

0 

/  4030 

0 

/ 

2932 

0  /  20079 

50 

0  /  3090 

0 

/  3118 

0  / 

4312 

0  / 

5077 

0 

/  4650 

0 

/ 

3552 

0  /  23799 

45 

0  /  3710 

0 

/  3738 

0  / 

4932 

0  / 

5697 

0 

/  5270 

0 

/ 

4172 

0  /  27519 

40 

0  /  4330 

0 

/  4358 

0  / 

5552 

0  / 

6317 

0 

/  5890 

0 

/ 

4792 

0  /  31239 

B-30 


OKLAHOMA  CITY,  OKLAHOMA  35-2 4N  97-36W  1285  FT.  ELEV.  AUGUST 


TIME  GROUP  HORIZ.  SOLAR 


TEMP 

BIN 

1  - 

4 

5  - 

8 

9  - 

12 

13 

-  16 

17 

-  20 

21  • 

-  24 

TOTAL  (BTUH/ SQ.FT, 

DRY-BULB 

TEMPERATURES: 

HOURS  OF 

OCCURRENCE 

(MCWB) 

95 

/ 

99 

0  ( 

0  ) 

0  ( 

0  ) 

3  ( 

73  ) 

25 

(  74  ) 

8  ( 

74  ) 

0  ( 

0  ) 

36  { 

74  ) 

178 

90 

/ 

94 

0  ( 

0  ) 

0  ( 

0  ) 

16 

(  74  ) 

54 

(  73  ) 

32 

{  73  ) 

0  ( 

0  ) 

102 

(  73  ) 

179 

85 

/ 

89 

0  ( 

0  ) 

0  ( 

0  ) 

35 

(  72  ) 

24 

(  70  ) 

37 

(  71  ) 

5  ( 

74  ) 

101 

(  71  ) 

195 

80 

/ 

84 

4  ( 

73  ) 

5  ( 

72  ) 

37 

(  71  ) 

13 

(  70  ) 

30 

(  70  ) 

37 

(  71  ) 

126 

(  71  ) 

187 

75 

/ 

79 

40 

(  70  ) 

21 

(  70  ) 

19 

(  69  ) 

6  ( 

71  ) 

12 

{  69  ) 

41 

(  69  ) 

139 

(  69  ) 

137 

70 

/ 

74 

45 

(  67  ) 

61 

(  68  ) 

13 

(  69  ) 

2  ( 

70  ) 

5  ( 

68  ) 

29 

(  66  ) 

155 

(  67  ) 

76 

65 

/ 

69 

30 

(  63  ) 

25 

(  64  ) 

1  ( 

68  ) 

0  ( 

0  ) 

0  ( 

0  ) 

12 

(  64  ) 

68  ( 

64  ) 

53 

60 

/ 

64 

5  ( 

61  ) 

12 

(  61  ) 

0  ( 

0  ) 

0  ( 

0  ) 

0  ( 

0  ) 

0  { 

0  ) 

17  ( 

61  ) 

32 

WET-BULB 

TEMPERATURES : 

HOURS  OF 

OCCURRENCE 

(MCDB) 

78 

/ 

79 

0  ( 

0  ) 

0  ( 

0  ) 

0  ( 

0  ) 

2  ( 

95  ) 

0  ( 

0  ) 

0  ( 

0  ) 

2  ( 

95  ) 

76 

/ 

77 

0  ( 

0  ) 

0  ( 

0  ) 

4  ( 

88  ) 

14 

(  91  ) 

13 

(  90  ) 

0  ( 

0  ) 

31  ( 

90  ) 

74 

/ 

75 

1  { 

84  ) 

1  ( 

81  ) 

26 

(  86  ) 

22 

(  94  ) 

18 

(  89  ) 

13 

(  83  ) 

81  ( 

88  ) 

72 

/ 

73 

18 

(  76  ) 

13 

(  76  ) 

32 

(  87  ) 

37 

(  92  ) 

20 

(  90  ) 

15 

(  81  ) 

135 

(  86  ) 

70 

/ 

71 

17 

(  76  ) 

22 

(  75  ) 

25 

(  81  ) 

24 

(  87  ) 

31 

(  88  ) 

18 

{  79  ) 

137 

(  81  ) 

68 

/ 

69 

17 

(  75  ) 

17 

(  74  ) 

22 

(  79  ) 

18 

(  86  ) 

28 

(  83  ) 

22 

(  77  ) 

124 

(  79  ) 

66 

/ 

67 

18 

(  73  ) 

29 

{  71  ) 

11 

(  78  ) 

5  { 

85  ) 

9  ( 

80  ) 

31 

(  74  ) 

103 

(  74  ) 

64 

/ 

65 

29 

(  70  ) 

22 

{  69  ) 

3  ( 

79  .) 

2  ( 

85  ) 

5  ( 

82  ) 

21 

{  72  ) 

82  ( 

72  ) 

62 

/ 

63 

15 

(  67  ) 

11 

(  66  ) 

1  ( 

73  ) 

0  ( 

0  ) 

0  ( 

0  ) 

3  ( 

69  ) 

30  { 

67  ) 

60 

/ 

61 

8  ( 

65  ) 

6  ( 

64  ) 

0  ( 

0  ) 

0  ( 

0  ) 

0  ( 

0  ) 

1  ( 

66  ) 

15  ( 

65  ) 

58 

/ 

59 

1  ( 

64  ) 

3  ( 

61  ) 

0  ( 

0  ) 

0  ( 

0  ) 

0  ( 

0  ) 

0  ( 

0  ) 

4  ( 

62  ) 

AVERAGE  VALUES: 

DRY-BULB  AVERAGES 

WET-BULB  AVERAGES 

DAILY  HORIZONTAL  SOLAR 

WIND  SPEED  AVERAGES 

72.2 

66.9 

10 

71.4 

67 

136 

10.2 

83 

71 

838 

12.7 

90 

72 

832 

12.8 

66.4 

71 

151 

12.7 

76.6 

68.5 

10.3 

79.9  DEG.F 

69.4  DEG.F 

1957  BTU/SQ.FT. 

11.4  MPH 

WIND  FREQUENCIES; 

<  5.5 

MPH 

9  (S) 

HOURS  OF 

6  (S) 

OCCURRENCE 

3  (S) 

(PREVAILING  DIRECTION) 
10  (S)  3  (ENE) 

10  (S) 

41  (S) 

5.5-14.4 

MPH 

102  (SSE) 

104  (SSE) 

75  (S) 

65  (SSE) 

80  (SE) 

102  (SSE) 

528  (SSE) 

o 

1 

m 

MPH 

13  (SSE) 

14  (SSE) 

46  (S) 

48  (SSE) 

39  (SSE) 

12  (SSE) 

172  (SSE) 

>21.0 

MPH 

0  (*) 

0  {*) 

0  {*) 

1  (SSE) 

2  (SSE) 

0  (*) 

3  (SSE) 

DEGREE  HOURS  (HEATING/ COOLING) 
TEMP  BASE  1-4 


75 

421 

/  78 

70 

124 

/  401 

65 

5  / 

902 

60 

0  / 

1517 

57 

0  / 

1889 

55 

0  / 

2137 

50 

0  / 

2757 

5 

-  8 

9 

-  12 

511 

/  63 

41  i 

^  1031 

147 

/  319 

1 

/ 

1611 

28  i 

'  820 

0 

/ 

2230 

0  / 

1412 

0 

/ 

2850' 

0  / 

1784 

0 

/ 

3222 

0  / 

2032 

0 

/ 

3470 

0  / 

2652 

0 

/ 

4090 

TIME  GROUP 

13  -  16  17  -  20 


5  /  1866 

13 

1  /  1423 

0  /  2481 

0 

/  2030 

0  /  3101 

0 

/  2650 

0  /  3721 

0 

/  3270 

0  /  4093 

0 

/  3642 

0  /  4341 

0 

/  3890 

0  /  4961 

0 

/  4510 

B-31 

21  -  24  TOTAL 


170  /  373 

1161  /  4834 

25  /  848 

297  /  7690 

0  /  1443 

33  /  11146 

0  /  2063 

0  /  14833 

0  /  2435 

0  /  17065 

0  /  2683 

0  /  18553 

0  /  3303 

0  /  22273 

OKLAHOMA  CITY,  OKLAHOMA  35--24N  97-36W  1285  FT.  ELEV.  SEPTEMBER 


TIME  GROUP 


HORIZ.  SOLAR 


DRY-BULB  TEMPERATURES 


WET-BULB  TEMPERATURES; 


TEMP 

BIN 

1  - 

4 

5 

-  8 

9  - 

12 

13  * 

-  16 

17  ■ 

-  20 

21 

-  24 

total  (BTUH/SQ.F 

i: 

HOURS  OF 

OCCURRENCE 

(MCWB) 

95 

/ 

99 

0  ( 

0  ) 

0 

(  0  ) 

0  ( 

0  ) 

1  ( 

74  ) 

0  ( 

0  ) 

0  ( 

0  ) 

1  ( 

74  ) 

163 

90 

/ 

94 

0  ( 

0  ) 

0 

(  0  ) 

1  ( 

73  ) 

18  1 

[  74  ) 

7  ( 

72  ) 

0  ( 

0  ) 

26 

(  73  ) 

168 

85 

/ 

89 

0  ( 

0  ) 

0 

(  0  ) 

11 

(  74  ) 

20  1 

[  73  ) 

13 

(  72  ) 

0  ( 

0  ) 

44 

(  73  ) 

177 

80 

/ 

84 

0  ( 

0  ) 

0 

(  0  ) 

22 

(  73  ) 

28  1 

[  72  ) 

25 

(  72  ) 

5  ( 

69  ) 

80 

(  72  ) 

167 

75 

/ 

79 

8  ( 

70 

) 

9 

(  72  ) 

19 

(  71  ) 

21  1 

[  69  ) 

28 

(  70  ) 

28 

(  71  ) 

113 

(  70  ) 

143 

70 

/ 

74 

43 

(  69 

) 

36 

(  70  ) 

35 

{  68  ) 

22  1 

(  63  ) 

25 

(  66  ) 

30 

(  69  ) 

191 

(  68  ) 

118 

65 

/ 

69 

38 

(  66 

) 

41 

(  67  ) 

18 

(  63  ) 

5  { 

59  ) 

11 

(  62  ) 

36 

(  66  ) 

149 

(  65  ) 

70 

60 

/ 

64 

15 

(  62 

) 

15 

(  60  ) 

5  ( 

57  ) 

1  ( 

59  ) 

7  ( 

56  ) 

6  ( 

58  ) 

49 

(  60  ) 

78 

55 

/ 

59 

5  ( 

53 

) 

6 

(  54  ) 

5  ( 

56  ) 

0  ( 

0  ) 

0  ( 

0  ) 

10 

(  53  ) 

26 

(  54  ) 

58 

50 

/ 

54 

9  ( 

51 

) 

10 

{  51  ) 

4  ( 

46  ) 

4  ( 

47  ) 

4  ( 

47  ) 

5  ( 

48  ) 

36 

(  49  ) 

48 

45 

/ 

49 

2  ( 

45 

) 

3 

(  46  ) 

0  ( 

0  ) 

0  ( 

0  ) 

0  ( 

0  ) 

0  ( 

0  ) 

5  ( 

46  ) 

12 

3 : 

HOURS  OF 

OCCURRENCE 

(MCDB) 

76 

/ 

77 

0  ( 

0  ) 

0 

(  0  ) 

2  { 

86  ) 

6  ( 

90  ) 

2  ( 

86  ) 

0  ( 

0  ) 

10 

(  88  ) 

74 

/ 

75 

0  ( 

0  ) 

1 

(  74  ) 

18 

(  83  ) 

15  1 

(  88  ) 

6  ( 

84  ) 

2  ( 

78  ) 

42 

(  85  ) 

72 

/ 

73 

7  ( 

75 

) 

8 

(  74  ) 

26 

{  81  ) 

41  1 

(  85  ) 

26 

(  84  ) 

13 

(  76  ) 

121 

(  82  ) 

70 

/ 

71 

18 

(  73 

) 

19 

(  73  ) 

21 

(  74  ) 

18  1 

(  77  ) 

23 

(  81  ) 

22 

(  75  ) 

121 

(  76  ) 

68 

/ 

69 

30 

(  71 

) 

34 

(  69  ) 

16 

(  71  ) 

12 

(  75  ) 

26 

(  75  ) 

21 

(  72  ) 

139 

(  72  ) 

66 

/ 

67 

21 

(  69 

) 

18 

(  68  ) 

10 

(  70  ) 

4  ( 

78  ) 

11 

(  74  ) 

26 

(  70  ) 

90 

(  70  ) 

64 

/ 

65 

17 

(  66 

) 

8 

(  65  ) 

4  ( 

70  ) 

2  ( 

76  ) 

3  ( 

70  ) 

10 

(  66  ) 

44 

(  67  ) 

62 

/ 

63 

6  ( 

64 

) 

6 

(  63  ) 

1  ( 

66  ) 

3  { 

74  ) 

4  ( 

69  ) 

3  ( 

67  ) 

23 

(  66  ) 

60 

/ 

61 

5  ( 

64 

) 

3 

(  61  ) 

2  ( 

62  ) 

3  ( 

69  ) 

3  ( 

67  ) 

4  ( 

66  ) 

20 

(  65  ) 

58 

/ 

59 

0  ( 

0  ) 

1 

(  62  ) 

0  ( 

0  ) 

4  ( 

68  ] 

3  ( 

66  ) 

1  ( 

61  ) 

9  ( 

66  ) 

56 

/ 

57 

0  ( 

0  ) 

1 

(  59  ) 

7  ( 

64  ) 

0  ( 

0  ) 

1  ( 

62  ) 

2  ( 

59  ) 

11 

(  62  ) 

54 

/ 

55 

1  ( 

55 

) 

4 

(  59  ) 

5  ( 

61  ) 

8  ( 

72  ) 

6  ( 

68  ) 

5  ( 

58  ) 

29 

(  64  ) 

52 

/ 

53 

11 

(  55 

) 

6 

(  57  ) 

4  ( 

65  ) 

0  ( 

0  ) 

1  ( 

64  ) 

4  ( 

58  ) 

26 

(  58  ) 

50 

/ 

51 

0  ( 

0  ) 

6 

(  52  ) 

0  { 

0  ) 

0  ( 

0  ) 

1  ( 

60  ) 

1  ( 

59  ) 

8  ( 

54  ) 

48 

/ 

49 

0  ( 

0  ) 

2 

(  51  ) 

0  ( 

0  ) 

1  ( 

54  ) 

0  ( 

0  ) 

3  ( 

56  ) 

6  ( 

54  ) 

46 

/ 

47 

2  ( 

51 

) 

2 

(  49  ) 

3  ( 

51  ) 

3  ( 

52  ) 

4  ( 

53  ) 

2  ( 

53  ) 

16 

(  51  ) 

44 

/ 

45 

2  ( 

49 

) 

1 

(  47  ) 

1  ( 

50  ) 

0  { 

0  ) 

0  ( 

0  ) 

1  ( 

50  ) 

5  ( 

49  ) 

AVERAGE  VALUES: 


DRY-BULB  AVERAGES 

67.2 

66.5 

73.8 

79.9 

76.4 

69.6 

72.2 

DEG.F 

WET-BULB  AVERAGES 

65.1 

64.9 

67.8 

68.9 

67.4 

65.6 

66.6 

DEG.F 

DAILY  HORIZONTAL  SOLAR 

66 

652 

729 

98 

1545 

BTU/SQ.FT 

WIND  SPEED  AVERAGES 

11.1 

11.4 

14.7 

14.9 

13.4 

12.3 

13 

MPH 

WIND  FREQUENCIES: 


HOURS  OF 

OCCURRENCE 

(PREVAILING  DIRECTION) 

<  5-5 

MPH 

5  (N) 

10  -(ESE) 

3  (N) 

4  (NNE) 

0  (*) 

0  (*) 

22  (N) 

5.5-14.4 

MPH 

89  (SSE) 

,  77  (SSE) 

64  (SSE) 

48  (SSE) 

71  (SSE) 

89  (SSE) 

438  (SSE) 

14.5-21.0 

MPH 

26  (SSE) 

30  (SSE) 

39  (SSW) 

60  (SSE) 

46  (SSE) 

31  (SSE) 

232  (SSE) 

>21.0 

MPH 

0  (*) 

3  (N) 

14  (SSW) 

8  (SSW) 

3  (NNW) 

0  (*) 

28  (SSW) 

B-32 


OKLAHOMA  CITY,  OKLAHOMA  35-24N  97-36W  1285  FT.  ELEV.  OCTOBER 


TIME  GROUP  HORIZ.  SOLAR 


TEMP 

BIN 

1  “ 

4 

5 

-  8 

9  - 

12 

13 

-  16 

17 

-  20 

21 

“  24 

TOTAL  (BTUH/SQ.: 

DRY “BULB 

TEMPERATURES; 

HOURS  OF 

OCCURRENCE  (MCWB) 

85 

/ 

89 

0  ( 

0  ) 

0 

(  0  ) 

0  ( 

0  ) 

10 

(  72  ) 

2  ( 

72  ) 

0  ( 

0  ) 

12  ( 

72  ) 

146 

80 

/ 

84 

0  ( 

0  ) 

0 

(  0  ) 

4  ( 

70  ) 

21 

(  65  ) 

8  ( 

67  ) 

0  ( 

0  ) 

33  ( 

66  ) 

148 

75 

/ 

79 

0  ( 

0  ) 

0 

(  0  ) 

15 

(  66 

) 

24 

(  64  ) 

19 

(  65  ) 

2  ( 

70  ) 

60  ( 

65  ) 

149 

70 

/ 

74 

2  ( 

69 

) 

2 

(  69 

) 

17 

(  64 

) 

20 

(  56  ) 

13 

{  61  ) 

13 

(  68  ) 

67  ( 

62  ) 

140 

65 

/ 

69 

16 

(  65 

) 

9 

{  66 

) 

23 

{  57 

) 

12 

(  54  ) 

27 

{  56  ) 

17 

(  58  ) 

104 

(  59  ) 

113 

60 

/ 

64 

25 

(  55 

) 

23 

(  57 

) 

20 

(  54 

) 

15 

(  50  ) 

16 

(  52  ) 

29 

(  55  ) 

128 

(  54  ) 

101 

55 

/ 

59 

27 

(  53 

) 

27 

(  53 

) 

17 

(  50 

) 

15 

(  47  ) 

17 

(  48  ) 

13 

{  52  ) 

116 

(  51  ) 

87 

50 

/ 

54 

16 

(  49 

) 

23 

(  49 

) 

17 

(  45 

) 

7  1 

[  45  ) 

17 

(  45  ) 

23 

(  48  ) 

103 

(  47  ) 

80 

45 

/ 

49 

24 

(  43 

) 

22 

(  43 

) 

10 

(  43 

) 

0  1 

[  0  ) 

5  ( 

43  ) 

23 

(  43  ) 

84  ( 

43  ) 

47 

40 

f 

44 

9  ( 

40 

) 

9 

(  40 

) 

1  ( 

40  ) 

0  1 

[  0  ) 

0  ( 

0  ) 

4  { 

39  ) 

23  { 

40  ) 

78 

35 

/ 

39 

5  ( 

36 

) 

9 

(  37 

) 

0  ( 

0  ) 

0  1 

[  0  ) 

0  ( 

0  ) 

0  ( 

0  ) 

14  ( 

37  ) 

29 

WET- BULB 

TEMPERATURES: 

HOURS  OF 

'  OCCURRENCE  (MCDB) 

72 

/ 

73 

0  ( 

0  ) 

0 

(  0  ) 

2  ( 

82  ) 

8  1 

[  86  ) 

2  ( 

86  ) 

0  ( 

0  ) 

12  ( 

85  ) 

70 

/ 

71 

0  ( 

0  ) 

0 

(  0  ) 

10 

(  76 

) 

4  1 

[  85  ) 

5  ( 

80  ) 

8  ( 

74  ) 

27  ( 

77  ) 

68 

/ 

69 

5  ( 

70 

) 

4 

(  70 

) 

1  ( 

74  ) 

5  1 

[  78  ) 

4  ( 

79  ) 

3  ( 

70  ) 

22  ( 

74  ) 

66 

/ 

67 

6  ( 

68 

) 

4 

(  67 

) 

2  ( 

71  ) 

7  1 

[  80  ) 

6  ( 

78  ) 

2  ( 

72  ) 

27  ( 

74  ) 

64 

/ 

65 

1  ( 

67 

) 

4 

(  65 

) 

10 

(  74 

) 

12 

(  80  ) 

3  ( 

77  ) 

3  ( 

71  ) 

33  ( 

75  ) 

62 

/ 

63 

4  ( 

67 

) 

2 

(  62 

) 

11 

(  71 

) 

12 

(  79  ) 

10 

(  77  ) 

3  ( 

63  ) 

42  ( 

73  ) 

60 

/ 

61 

8  ( 

63 

) 

7 

(  62 

) 
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Q 

Z 

3 

_i 

O 

O 

COLUMN  [l]/[D] 

Q 

Z 

3 

O 

O 

CQ 

X 

z 

3 

-J 

O 

o 

m 

X 

z 

3 

O 

o 

CD 

X 

z 

3 

O 

o 

m 

X 

z 

3 

_l 

O 

o 

m 

X 

z 

3 

O 

o 

m 

X 

z 

3 

—I 

O 

o 

Q 

Z 

3 

O 

O 

COLUMN  [l]/[D] 

ELECTRIC 

ENERGY 

RATE 

($/kWh) 

2 

0.0245 

0.0239 

GO 

CO 

CM 

O 

d 

CM 

CM 

O 

d 

o 

s 

o 

d 

o 

5 

O 

d 

o 

o 

o 

d 

o 

•M- 

O 

o 

d 

o 

TT 

O 

O 

d 

o 

O 

o 

d 

0.0252 

o 

d 

0.0137 

THERMAL 

ENERGY 

COST 

m 

[1] 

$26,965.19 

$105,406.81 

$241 ,251 .84 

$94,339.83 

000$ 

000$ 

000$ 

000$ 

000$ 

000$ 

$199,704.95 

$240,071 .27 

AVERAGE 

FEDERAL 
GENERATED 
ENERGY  COST 

L$) 

X 

$39,035.60 

$18,522.33 

000$ 

$28,167.80 

$37,510.59 

$40,632.70 

$38,109.05 

$45,813.60 

$69,433.06 

$71 ,537.09 

$41 ,779.74 

$21 ,748.90 

THERMAL 

ENERGY 

(kWh) 

Q 

1,100,620 

4,419,017 

10,146,864 

4,439,730 

0 

0 

0 

0 

0 

0 

7,931 ,409 

10,733,280 

FEDERAL 

GENERATED 

ENERGY 

(kWh) 

1  1 
O 

9,758,900 

4,630,583 

0 

7,041 ,950 

9,377,648 

10,158,176 

9,527,263 

1 1 ,453,400 

17,358,264 

17,884,272 

10,444,935 

5,437,224 

ELECTRICAL 

ENERGY 

TOTAL 

(kWh) 

m 

10,859,520 

9,049,600 

10,146,864 

11,481,680 

9,377,648 

10,158,176 

9,527,263 

1 1 ,453,400 

17,358,264 

17,884,272 

,  18,376,344 

16,170,504 

SERVICE 

MONTHS 

FY90 

< 

■ - 

OCT  ’89 

AON 

o 

LU 

Q 

_ 

JAN  ’90 

CD 

LU 

LL. 

MAR 

cc 

a. 

< 

MAY 

JUN 

JUL 

AUG 

0. 

LU 

CO 

o 

o 

9 

> 

Q 


CD 

Z 

'S: 

3 

o 

o 

O 

UJ 

Q 


B  > 
z  Q 

I  £ 

d  f 

o  ^ 
9  3 

S3  8 

^  - 
Cl  lu 

|| 

-  ^ 

LU 


cc 


O  id 

3  f 

LU  O 
LU  UJ 

f  si 

.  LU 
X 


< 

X 

o 

>: 


CD  O 

cc  > 


CD 

CO 

LU 

z 

LU 

_l 

< 

CO 

LU 


LU  Q 

ss  S 

f  5 

LU  LU 
CO  CO 
LU  LU 
X  X 


LU 

CO 

LU 

i 

CO 


S 

O 

o 
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APPENDIX  C 


CENTRAL  PLANT  EFFICIENCY  CALCULATIONS 


APPENDIX  C.1 


CHILLERS  EFFICIENCY  CALCULATIONS 


CHILLER  TESTED  CAPACITY 
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CHILLER  TEST  CAPACITY 


Measured  Values  I 

8  S 

&  ^ 

UJ 

js 

09  68 

s 

c 

-r 

4 

104.16 

168.00 

168.00 

77.00 

77.00 

47.60 

53.20 

§ 

0 

T" 

T" 

^88 
j  CM  0 

”  ^  T" 

“  y—  T" 

18 

112.00 

112.00 

126.00 

126.00 

Percent 

Load 

700^ 

C 

C* 

47% 

74% 

85% 

47% 

52% 

46% 

82% 

m 

70% 

0% 

0% 

i 

sii 

3463 

s 

u 

T- 

i 

5292 

6139 

1551 

1725 

936 

1873 

a 

T" 

c* 

11 

3372 

o 

o 

Calculate 

(kW/Tons) 

n  QQ 

0.74 

0 

c 

T* 

0.82 

890 

0.61 

1.31 

d 

1.53 

0.68 

s 

c 

3  d  c 

0.92 

980 

z 

z 

z 

Out 

(Tons) 

con  Qc 

288.62 

c 

u 

c 

c 

T 

174.46 

441.01 

511.56 

129.29 

143.75 

78.00 

156.10 

a 

a 

p 

m 

r  .wr-r 

373.98 

281.02 

z 

z 

z 

5ls 

^  li 

214.60 

1 

0 

c 

T 

143.00 

297.80 

309.90 

169.70 

105.40 

119.50 

106.00 

g 

c 

c 

iSS 

ill 

238.00 

z 

z 

z 

Rated  Values  1 

2  Q 

Q_  C 

O  " 

t  lO 

R  cj 

? 

r 

5 

530 

1132 

1216.8 

535 

069 

1 

i 

Q 

D  CM  h 

D  CM  ^ 

t  i  r 

854 

in 

1 

1 

540 

s 

CO  0 

1-  O) 

r>  rt 
1) 

Q 

? 

00 

45.18 

45.38 

42 

lO 

9 

52.4 

53.5 

0 

T 

u 

“W.  iO 

41.7 

AK.  H 

42.77 

z 

< 

z 

z 

Temp 

AvgCHWR 

_ m _ 

o  1 

57.66 

C 

0 

c 

u 

M 

0 

t 

49.7 

54.53 

55.47 

47.8 

48.5 

56.4 

_ 

u 

c 

0 

u 

0  lO  ^ 

vrr.T 

53.95 

CO 

s 

z 

z 

z 

s 

is 

'O 

z 

*t 

c 

c 

S"  — 

> 

< 

1 

z 

§ 

I  I 

I 

z 

I 

< 

4 

T-  0 

CO  c 

^o^rvvv 

352kW 

S! 

CM 

1 

! 

270kW 

2701^ 

Out 

Sc  ^ 

3840 

s 

c 

1 

7200 

7200 

3300 

3300 

I 

s 

SI 

s 

c 

III 

II 

I 

4800 

1  5400 

5400 

IS 

g 

320 

1 

CNJ 

009 

600 

275 

275 

on 

s 

ill 

il 

450 

450 

Chiller  Information 

Supplier 

iJ  LU 

u 

UJ 

z 

1 

4 

4 

f 

CARRIER 

TRANE 

TRANE 

CARRIER 

QC 

LU 

§ 

CARRIER 

TRANE 

5i£ 

n  fc  c 

3  i 

Cl] 

§ 

TRANE 

UJ 

z 

z 

Q)  t 

=  d 
8^ 

-  CO 

r— 

CM  ^ 

CM 

T“ 

T— 

1 

r-  CM  C 

0  ^ 

u> 

T— 

CM 

CO 

5*cj| 

CD  2 

3  O 
O  CO 
1^ 

g 

1 

( 

2812 

3442 

3442 

4701 

4701 

5676 

5678 

c 

c 

c 

1 

ill 

5900 

8009  1 

6003 

6003 
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CHILLER  AUXILIARY  LOAD  CALCULATIONS 
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CHILLER  OUTPUT  CALCULATIONS 


EMC  ENGINEERS.  INC. 

Denver  •  Colorado  Springs  ♦  Atlanta  •  West  Germany 


JOB  _ 

SHEET  NO.  _ 

CALCULATED  BY  . 

CHECKED  BY  _ 

SCALE  _ 


vj  W 


CHILLER  OUTPUT  CALCULATIONS 


At  ep^/c/eAf<¥ 


TYPICAL  PART  LOAD  PERFORMANCE  CURVE 


nTiiiimTi 

.  .wATCn  TEMP* 

.L 


•0  -U  -t^r(r?c)LcWT 

MF  U».4C)  e«WT  fARI  PART  LOAOI 

,  ■■■Hi-ill  ||..!!iT:.H,i.i' 
.  •  :  •  ..lii  -  l!  ! 


IMIIU*  :i 

H.:.. 

itloaoiV 

1.:  I  .  I  1  . 


Building  No.: 

Chiller  No.:  _ f_ 

Chiller  Mfg.:  Tj(j«  j 


■f  {  . ! 

F^Tl 


. -I  i  .  -  .^1 

*  ■'  “  .u  T '  r~  T^tl 

■  -  ik+lti 

I'fr 


Design  Rating: 

Tons:  ^00 

MBtu: 

Amps: 

Volts: 

Test  Reading: 

kW:  /^A 

Tons: 

PF:  yy 

M  75 

%  oeSION  WPACITV 


Calculations: 

Rated  kW  Input  = 


Tested  kW  Input  = 

From  Graph:  . 

%  Design  kW  {^) 


Va  X  VoltX  Rated  Amps  X  PF 
1000 

^ys  kW 


Tested  kW  Input 
Rated  kW  Input 


yfS  X  .  8  7 

1000 


%  Design  Capacity  (^)  =  Tested  Tons 

Rated  Tons 


A/^ 


A/A  % 

Al/A  % 


The  part  load  performance  curve  Is  shifted  to  meet  testing  conditions,  the  maximum  chiller  capacity  Is  (A) 

_ _ %  X  Rated  Tons  =  ,  _ 

=  3^^  Tons;  or  ^3ZO  MBtu 


Max.  Output  MBtu:  H3zo  MBtu 

Max.  kW  Input:  kW 
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tK  t  • 


JOB 


EMC  ENGINEERS.  INC. 

Denver  •  Colorado  Springs  •  Atlanta  •  West  Germany 


CALCULATED  BY  . 


CHECKED  BY  . 


V_)  IV 


CHILLER  OUTPUT  CALCULATIONS 


TYPICAL  PART  LOAD  PERFORMANCE  CURVE 


|!.|iij!Hi!Hh‘liliHlll.!  ■  - : .] . 

IwATCniEMP*  .fj- 

ttrt.  L  'tires /OLcwT 

T'  ^5r(29.‘4C)tRWTeAR|  PART  LOAD) -rl  '  — 

^.r:  ;ji  i  ;  j  r .  : 'x ^ 

eo — r+-H-  -hH — rt-l-  '  T  4^n^^  1  :  ./~^‘l~rb 


.  T,  . . 

Mm.x 


i  in  !i 


I  TT'!1:|IiI  Ti 


gyiiirillil 


.  Hi 


itiiifeiiAti 


90  T5 

%  design  CAPACITY 


Building  No.:_£^24_ 
Chiller  No.:  / 

Chiller  Mfg.:  CAi/(/eA 


Design  Rating: 
Tons:  170 

Amps:  ZIt 


Test  Readings 

kw:  a/M 

PF:  ?7 


Calculations: 

Rated  kW  Input  = 


Tested  kW  Input  = 

From  Graph:  . 

%  Design  kW  (^)  = 


J3  X  Volt  X  Rated  Amps  X  PF 
1000 

3  kW 
A/U  kW 


Tested  kW  Input 
Rated  kW  Input 


%  Design  Capacity  (^)  =  Tested  Tons 

Rated  Tons 


/nA 


-fix  2//>'.y7 

1000 


a/M 


alLA 


The  part  load  performance  curve  is  shifted  to 
_ %  X  Rated  Tons 


is  shifted  to  meet  testing  conditions,  the  maximum  chiller  capacity  is  (^) : 

Rated  Tons  =  .^yHO _ 

=  I6r3  Tons:  or  /fSP  MBtu 


Max.  Output  MBtu:  l?3^  MBtu 

Max.  kW  Input:  /  3  kW 
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JOB 


EMC  ENGINEERS.  INC. 

Denver  •  Colorado  Springs  •  Atlanta  ♦  West  Germany 


SHEET  NO.  . . .  . . . . .  .  . . 

CALCULATED  BY  ^A/ 

OF 

DATE 

34^/7/ 

CHECKED  BY  .  .  . 

DATE  . 

f - ^ - 

SCALE 


CHILLER  OUTPUT  CALCULATIONS 


TYPICAL  PART  LOAD  PERFORMANCE  CURVE 


Calculations: 

Rated  kW  Input  = 


Tested  kW  Input  = 


Va  X  Voltx  Rated  Amps  X  PF 
1000 


kW 

V  kW 


Building  No.:  *7  30 

Chiller  No.:  / _ 

Chiller  Mfg.: 

Design  Rating: 

Tons:  ^OO  MBtu: 

Amps: _ 'S'Z.i  Volts:  </UC 


Test  Reading: 

kW:  _ Tons:  3/ 

PF:  9^ _ 


1000 


From  Graph:  . 

%  Design  kW  {^)  = 


Tested  kW  Input 
Rated  kW  Input 


% 

5-Z‘=) 


%  Design  Capacity  (^)  =  Tested  Tons 

Rated  Tons 


^31 _  =  77  % 

fcro 


The  part  load  performance  curve  is  shifted  to  meet  testing  conditions,  the  maximum  chiller  capacity  is  (A): 

_ ^3  %  X  Rated  Tons  =  ,  73>  k 

=  (pG^  Tonsror  7  7  6  ^  MBtu 


Max.  Output  MBtu: 

77^? 

MBtu 

Max.  kW  Input: 

'  ^.13- 

_kW 
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EMC  ENGINEERS,  INC, 

Denver  •  Colorado  Springs  •  Atlanta  •  West  Germany 


SHEET  NO.  _ 

CALCULATED  BY  , 


CHECKED  BY  . 


CHILLER  OUTPUT  CALCULATIONS 


TYPICAL  PART  LOAD  PERFORMANCE  CURVE 


Building  No.:  7^0 


Chiller  No. 


...  WATER  TEMPt 


liliili! 

:U 


Chiller  Mfg.:  Tg.AA/e. 


A  Ufi.  -L  /Q  l-CWT  _  _  .i  t-L 

/J\  — g5FtWlc}tffWt(5?rmRtTOoi‘MT 

fc— *  “h  f  .  i  -  I  t  I  I  I  I  t  ;  l  I  1  .  M  I  I  :  I  1  I  IT  1 


r;  .1.  .  I  ...  ..f  li 

..Ml  :lLM 

-j  j  I  \  I  ‘  1  i  i  =1  ’  I  t  i  j  P'r  ■,  '  ! 

1  i  n  kiiHiMlJi 


Design  Rating: 

Tons:  3ZO 

Amps: 


MBtu:  3SH0 

Volts: 


mii:T 


M+'Mi 

t1  !  i'  1 


'K: 


fll  'IT  ill 


f  I  ’i  1^ 


iiiiiiUi 


Test  Reading: 

kW: 

PF: 


Tons: 


.ijii  Hi  iliiii  'aMMilii 


50  75 

%  oeSIQN  CAPACITY 


Calculations: 

Rated  kW  Input  = 


V3  X  VoltX  Rated  Amps  X  PF 
1000 

ZH^,  I  kW 


1000 


Tested  kW  Input 


2/V.^ 


From  Graph:  . 

%  Design  kW  (^)  = 


Tested  kW  Input 
Rated  kW  Input 


%  Design  Capacity  (A)  =  Tested  Tons 

Rated  Tons 


233.^ 

'3  2-0 


io.z  % 


The  part  load  performance  curve  is  shifted  to  meet  testing  conditions,  the  maximum  chiller  capacity  is  (A) 

*7  "7  %  X  Rated  Tons  =  ,  97X  320  _ .  _ 

=  3/0  Tons;  or  3vZ5  MBtu 


Max.  Output  MBtu: 

372^  MBtu 

Max.  kW  Input: 

Z  VV  kW 
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EMC  ENGINEERS.  INC. 

Denver  •  Colorado  Springs  •  Atlanta  •  West  Germany 


JOB  _ 

SHEET  NO.  _ 

CALCULATED  BY  , 

CHECKED  BY _ 

SCALE  _ 


-3//3/?/ 


CHILLER  OUTPUT  CALCULATIONS 


TYPICAL  PART  LOAD  PERFORMANCE  CURVE 


|.|iiiiiliiiiiiin.-iiiiHii  i.y 

LwATCHTCMt**  A 

1:  -lirtlTOLCtWT  I  /T . 

()5F|M.4CJtHWTTaR1  PARTlO^li 

•■:Ui  ;ii  [X  iii^i  .  .|iy  If  - 

ijll.  :!i4| .  ±  J.  4IL1, ;  #  {lii 


Building  No.: 
Chiller  No.:  t 

Chiller  Mfg.: 


Mi 


j.if'i  ij 

iFl 

i  l  'il  j 


-irn  I  •  ►  L 

ik  ^ 


Sfi 

ilfl 

If  i':  ill 


Design  Rating: 
Tons: 

Amps: 


Test  Reading: 
kW;  /C>3 
PF:  .Tf 


MBtu: 

Volts: 


Tons:  /  33 


'  ftkiriiiifiTiijfi 

.  1  Hi  •' Lll  H:  L  :HL  •  Hi. ALtI  Ji 


1  i  i 


Calculations: 

Rated  kW  Input  = 


Tested  kW  Input  = 

From  Graph:  . 

%  Design  kW  (^)  = 


%  Design  Capacity 


Hi|HrtHlli|l 

go  I 

%  DES INCAPACITY 


Va  X  VoltX  Rated  Amps  X  PF 
1000 

Z^t  kW 


-)f3  .?? 

1000 


Tested  kW  Input 

— 

lC>3 

Rated  kW  Input 

zy  ? 

Tested  Tons 

133 

r; 

33 

_% 

Rated  Tons 

yoo 

The  part  load  performance  curve  Is  shifted  to  meet  testing  conditions,  the  maximum  chiller  capacity  Is  (A): 

_ S'% _ %  X  Rated  Tons  =  .  _ 

=  Z3Z.  Tons;  or  Z  7^^  MBtu 


Max.  Output  MBtu: 

MBtu 

Max.  kW  Input: 

_kW 
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■  ■  I' 


JOB 


EMC  ENGINEERS.  INC. 

Denver  •  Colorado  Springs  •  Atlanta  *  West  Germany 


SHEET  NO. 

r.Ai  r.i  II  ATFn  ry 

__  3/5/9/ 

rHFHKFn  RY 

DATE  _ 

SCALE 

Calculations: 

Rated  kW  Input  = 

V3  X  Volt  X  Rated  Amps  X  PF 

— 

{z  A  .213 

1000 

1000 

= 

Z  7“7  kW 

Tested  kW  Input  = 

!  kw 

From  Graph:  . 

%  Design  kW  (^)  = 


Tested  kW  Input 
Rated  kW  Input 


/V3  =  U  % 

2  "77 


%  Design  Capacity  (A)  =  Tested  Tons 

Rated  Tons 


37Z 


The  part  load  performance  curve  is  shifted  to  meet  testing  conditions,  the  maximum  chiller  capacity  is  (A): 

_  _ %  X  Rated  Tons  =  37^. 

=  3VZ _ ^Tons;  or  n  ! 01  MBtu 


Max.  Output  MBtu:  ^ / O'! MBtu 

Max.  kW  Input:  '^11  kW 
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JOB 


EMC  ENGINEERS.  INC. 

Denver  •  Colorado  Springs  •  Atlanta  •  West  Germany 


SHEET  NO,  _ 

CALCULATED  BY 
CHECKED  BY  _ 


O  VJ 


3hzhi 


CHILLER  OUTPUT  CALCULATIONS 


TYPICAL  PART  LOAD  PERFORMANCE  CURVE 


'°“1  |!.|il!il'lli+lh!llliHlTT!^ 

I  _L  IwtTtn  TtHf' _ _  _  _-4j 


rHf(«/C)LCWT 

DSF  (29.40  CRWT  (ARI  PARTLOAOl  j  ! 

liMlIHlilH-flHiillfH-; 


ijppin 


p 

]|  -ll 

[ii 

r\. 

■A 

F  i  ! 

p  is  If 

!  «  iM-h-l  1  1 

IF  I 

iJ-t  ■■ 

1 1  j 

Fi. 

Ii 

ill  J: 

Building  No.: 
ChiilerNo.:  / 

Chiiler  Mfg.:  T/^Aa/£ 


/44,  j. 
T-TT'i 


\\mm 


Design  Rating: 
Tons: 

Amps:  ~2~ 


Test  Reading: 
kW:  Zf  7. 

PF: 


MBtu:  yz^ 
Volts:  ^60 


Tons:  4^47 


©M'  :.]  Till'  If 

'iff  rill  ill  'iiL Jdili 


mnm 


%  OESION  CAPACITY. 


lA 


Calculations: 

Rated  kW  Input  = 


Tested  kW  Input  = 

From  Graph:  . 

%  Design  kW  (y^)  = 


73  X  Volt  X  Rated  Amps  X  PF 
1000 

3Z0 _  kW 

^  77,  ?  kW 


Tested  kW  Input 
Rated  kW  Input 


Vs  X  ^^>0x^02.  K.  5 
1000 


%  Design  Capacity  (^)  =  Tested  Tons 

Rated  Tons 


2  77^  f 
3ZO 


^3  % 

~7  3,  S'  % 


The  part  load  performance  curve  is  shifted  to  meet  testing  conditions,  tl^  maximum  chiiler  capacity  Is  (A) 
%  X  Rated  Tons  =  ^  S  ^  (oOO 

=  ^20  Tons;  or  S"l(>  0  MBtu 


I 


Max.  Output  MBtu: 

sryteO  MBtu 

Max.  kW  Input: 

3>Z0  kW 
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EMC  ENGINEERS.  INC. 
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SHEET  NO.  _ 

CALCULATED  BY  . 

CHECKED  BY  _ 

SCALE  _ 


3// 3/7, 


CHILLER  OUTPUT  CALCULATIONS 


TYPICAL  PART  LOAD  PERFORMANCE  CURVE 


i  1  ‘HilTti  Hrrm-r  '-tti  I'm  i « 

..  :,WATEn  TEMP«  -[] 

'I1F(9/C)LCWT 

-T--  $9F(Z9.<4C)  tftWTiARl  PART  LOAD)  •  ! 


.1. 

'!•! 

4.. 

•i  • 

1 

J 

i.  . 

..1., . 

i! 

..i 

.. 

!  1 

;  i 

J;  ^ 

.-T 

Hi 

i. 
•  \ 

!]  I 
|1| 

^  |r"i  UlT Tn 


I  n :i:. : :i . -  \r.i  x\ 


-H-  y-  V  t  i 

iw-7..r.V 


11I1  .i 'll  7;:!  i  IT  k  I  iJTtMl  il i/ 4EILE 


50  75 

%  DESIGN  CAPACITY 


Building  No.:  3^^  Z 
Chiller  No.:  21 

Chiller  Mfg.:  tuSA^/E. 


Design  Rating: 
Tons:  ^OX> 

Amps:  Z 


Test  Reading: 
kW:  3/^ 
PF:  ^0 


MBtu:  yZov 
Volts:  9^  a 


S' 1 2 


Calculations: 

Rated  kW  input  = 


Tested  kW  Input  = 

From  Graph:  . 

%  Design  kW  (^)  = 


Va  X  VoltX  Rated  Amps  X  PF 
1000 

32  g?  kW 

3  lO  kW 


Tested  kW  Input 
Rated  kW  Input 


%  Design  Capacity  (^)  =  Tested  Tons 

Rated  Tons 


V3  ^  X  ^ 

1000 


3/V 

'3Z0 

(eCrO 


^(e.  1  % 

^^.3  % 


The  part  load  performance  curve  is  shifted  to  meet  testing  conditions,  the  maximum  chiller  capacity  Is  (A): 

gg _ %  X  RatedTons  =  ,S%  X  6?C^  ,  r>  / 

=  3~2  %  Tons;  or  G  63Cfi  MBtu 


Max.  Output  MBtu: 
Max.  kW  Input: 


'  1> -2.0  kW 
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****** »-«****«^  ■  i.  wit  riant  oiUQy 


SHEET  NO.  _ 

np 

CALCULATED  BY  ^ 

DATP 

5  h^h/ 

CHECKED  BY 

DATE 

SCALE  _  __  _  _ 

JOB 


EMC  ENGINEERS,  INC, 

Denver  •  Colorado  Springs  •  Atlanta  •  West  Germany 


SHEET  NO. 


OF  . 


CALCULATED  BY  , 

CHECKED  BY  _ 

SCALE  _ 


J  IV 


DATE  . 
DATE  . 


CHILLER  OUTPUT  CALCULATIONS 

TYPICAL  PART  LOAD  PERFORMANCE  CURVE 


Building  No.: 
Chiller  No.:  Z 


Chiller  Mfg.: 


Design  Rating: 
Tons:  3  .5" 

Amps; 


37? 


MBtu:  3^^ 
Volts: 


Test  Reading: 
kW:  10^.^ 

PF: 


Tons:  /YV 


Calculations: 

Rated  kW  Input 


Tested  kW  Input  = 

From  Graph:  . 

%  Design  kW  (^)  = 


Va  X  VoltX  Rated  Amps  X  PF 
1000 

2.92  kW 


1000 


/or.^ 


Tested  kW  Input 
Rated  kW  Input 


kW 


%  Design  Capacity  (A)  =  Tested  Tons 

Rated  Tons 


=s 

/dS-.-i 

II 

U) 

_ 

=  y  7  % 

The  part  load  performance  curve  is  shifted  to  meet  testing  conditions,  the  ma)^um  chiller  capacity  is  (A) 


ax. 


%  X  Rated  Tons 


he  maximL 
3C>2~  Tons;  or  56’  3  MBtu 


Max.  Output  MBtu: 

2  3  MBtu 

Max.  kW  Input: 

’29Z  kW 
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JOB  _ 

SHEET  NO _ 

CALCULATED  BY  . 

CHECKED  BY _ 

SCALE  _ 


o  IV 


CHILLER  OUTPUT  CALCULATIONS 


TYPICAL  PART  LOAD  PERFORMANCE  CURVE 


.  llwAun  tIm 

iO  -L  -1^(5 

A  r*  «rir 

..-ta 


M'llMllllHIbMlIi 

WATCn  TtMP*  1 

4n(5TC)LClVT 
45F|itt.4eunwT  uri  Pktkri 


Building  No.:  7^ 

Chiller  No.:  / 

Chiller  Mfg.;  cA^/ttet 


,:.l‘  “ . li. 

}  ji.j.  |.  , 


ff 

m 


i  iil  h.;:!L!^ 


IO-  ■l^Fi4-n-f  ll  FH-I  t  II 


li 

lilJi 


iff 

E  -  ti--- 


Design  Rating: 
Tons:  t~70 

Amps:  z// 


Test  Reading: 
kW:  Hf.f 

PF: 


MBtu:  fS~az> 

Volts:  VAC 


:  iHL-.  ■  f  ■] 

ij 


it  I  so  I  79 

OES^^APACITY 


Calculations: 

Rated  kW  Input 


Tested  kW  Input  = 

From  Graph:  . 

%  Design  kW  (J^)  = 


Va  X  VoltX  Rated  Amps  X  PF 
1000 

/y4^.4  kW 

//9,  r  kW 


Tested  kW  Input 
Rated  kW  Input 


V3  ^  ^  2//  K.  ?C» 

1000 


11%  r 

= 

f  3 

Twrj 

7? 

s 

^(e 

% 

no 

%  Design  Capacity  (A)  =  Tested  Tons 

Rated  Tons 


The  part  load  performance  curve  Is  shifted  to  meet  testing  conditions,  the  maximum  chiller  capacity  Is  (A) 

_ S'f _ %  X  Rated  Tons  =  ,  5*^  >CI7fi _ 

=  Tons;  or  /  US _ ^MBlu 


Max.  Output  MBtu: 

tl?3 

MBtu 

Max.  kW  Input: 

'm.(. 

_kW 

JOB 


EMC  ENGINEERS.  INC. 

Denver  •  Colorado  Springs  •  Atlanta  •  West  Germany 


CALCULATED  BY 


CHECKED  BY  . 


J  iV 


CHILLER  OUTPUT  CALCULATIONS 


TYPICAL  PART  LOAD  PERFORMANCE  CURVE 


MiliilillilillvmiHIli.!  -;I^ 

WATEH  TEMP'  .|  J- 

iiF{evc)LcwT 

l^5F|29.4C)  tRWTURI  PARTLOAO) -I  !  - 

Tri 


rn  !  t  ::!l  I 

40  -  — i-l'  ■: 

.;Pi  i  ;ii  If] 


■  ,  I  !i  i:! ! 

44^  JLLj4.  .V4f 


ilf  M 

Mpf  1%  TilT  ■%  TmT  TO  #  fe  tit 
Till  I  -frif liTFi  i'T 

I  23  SO  75  I  [ioC 

%  OESIONCAPACITV 


Calculations: 

Rated  kW  Input  = 


Tested  kW  Input  = 

From  Graph;  . 

%  Design  kW  (^)  = 


Va  X  VoltX  Rated  Amps  X  PF 
1000 

/2  i,  1  kW 


Tested  kW  Input 
Rated  kW  Input 


Building  No.:  SZi’  ~PB 
Chiller  No.:  / 

Chiller  Mfg.: 


Design  Rating: 
Tons:  /  ?  O 
Amps;  /  9^ 


MBtu;  2 
Volts;  i 


Test  Reading: 
kW:  lDu> 

PF:  F3.r 


/?r.Tr5.r 


%  Design  Capacity  (^)  =  Tested  Tons 

Rated  Tons 


!  0(e> 

I  2  9.1 

no 


1L7% 


The  part  load  performance  curve  is  shifted  to  meet  testing  conditions,  the  maximum  chiller  capacity  is  (^) 

_ %  X  Rated  Tons  =  ,9C>  I90 _ 

=  /  y  2 _ Tons;  or  2 1 MBtu 


Max.  Output  MBtu:  2/  MBtu 

Max.  kW  Input:  '  /  29,  "7  kW 
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JOB  _ 

SHEET  NO.  _ 

CALCULATED  BY  . 
CHECKED  BY _ 


O  14/ 


CHILLER  OUTPUT  CALCULATIONS 


TYPICAL  PART  LOAD  PERFORMANCE  CURVE 


--:,v«Tcff-rcMT^  . —  —  —  — ’-if  * 

ao  -L  *Hf(9/C)LCWT  ti  -H- 

r*  J)9F(2B4C)EHWT(AR|PARTLOAO|-  ! 

THl  illl  IM.  IfN 


Building  No.: 
Chiller  No.:  / 

Chiller  Mfg.: 


■  /L  !(•: 

j  It.”  '' 

It 

■■1  f 

(  !T  Iji 
lldi 
r  i  l.il.  ,  h 

_  i-  llirlltl-ll 


Design  Rating: 
Tons: 

Amps:  ^7  (fi 


Test  Reading: 
kW:  3  ay 

PF: 


MBtu; 

Volts:  o 


Tons:  Bs~9,  7 


■  •  i  r  i 


mt  j:ii  1  ^  .li-i  r  i|t-  -I  •  -1  i-n- 1 1 1  • 

■  i.  •■■r:  'Irj’  rli-i 

#T!li  lri|7r?iTTSll1::il7M  F 

I  i-Mi*.'  i  i  ■  r  •  T*  I  i  i  I-  t  '  !  i-H-i  t  i  I  H  i-  ■  M->  !■  jtijl 
i  25  80  75  *  yUOO 

%  oeSIGN  CAPACITY 


80  75 

%  OESION  CAPACITY 


Calculations: 

Rated  kW  Input  = 


Tested  kW  Input  = 

From  Graph:  . 

%  Design  kW  ( )  = 


Va  X  VoltX  Rated  Amps  X  PF 
1000 

3  3%  y  kW 


•n  4-  ^((>OX  y7^  4'  ,  ’Sfr' 
1000 


Tested  kW  Input 

32y 

=  9  r  % 

Rated  kW  Input 

33*7,y 

Tested  Tons 

35-f,  7 

II 

Rated  Tons 

The  part  load  performance  curve  is  shifted  to  meet  testing  conditions,  the  maximum  chiller  capacity  is  (A) 

_ %  Z ,  y'  %  X  Rated  Tons  =  /  9Z 

=  _ Z7(?  Tons:  or  yy  MBtu 


Max.  Output  MBtu:  MBtu 

Max.  kW  Input:  3  3%y  kW 
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JOB  . 


3002.000  Ft.  Sill  Central  Plant  Study 


EMC  ENGINEERS.  INC. 
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SHEET  NO. 


OF  . 


CALCULATED  BY 

CHECKED  BY  _ 

SCALE  _ 


DATE 

DATE 


3// 3/9/ 


CHILLER  OUTPUT  CALCULATIONS 


TYPICAL  PART  LOAD  PERFORMANCE  CURVE 


Building  No.: 

Chiller  No.: 

2 

Chiller  Mfg.: 

Design  Rating: 
Tons: 

MBtu: 

Amps:  y  3  2” 

Volts: 

Test  Reading: 
kW: 

Tons: 

PF:  _ 

M  75 

»/,  desion  capacity 


Calculations: 

Rated  kW  Input  = 


Tested  kW  Input  = 

From  Graph:  . 

%  Design  kW  (^)  = 


V3  X  Volt  X  Rated  Amps  X  PF 
1000 

3/(p.-Z  kW 


1000 


kW 


Tested  kW  Input 
Rated  kW  Input 


Zo  9 


%  Design  Capacity  ( 


A)  = 


Tested  Tons 
Rated  Tons 


3/(>>Z 
3  2  7,  7 


77.-7  % 


The  part  load  performance  curve  Is  shifted  to  meet  testing  conditions,  the  maximum  chiller  capacity  is  (A) 
ry  %  X  Rated  Tons  =  ^ 

=  336 _ ^Tons;  or  7 3  2  MBtu 


Max.  Output  MBtu: 

3  Z  MBtu 

Max.  kW  Input: 

'3l(p.  Z  kW 
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SHEET  NO _ 

CALCULATED  BY 
CHECKED  BY  _ 


O  iV 


injv 


CHILLER  OUTPUT  CALCULATIONS 

TYPICAL  PART  LOAD  PERFORMANCE  CURVE  E 

( 

( 

Desinn 

Ton.?. 

An-ps:. 


Building  No.: 

Chiller  No.:  3 

Chiller  Mfg.:  CA-^tiejf 


Design  Rating: 
Tons: 

Amps: 


■pTn 

I  !  1 


f]  1  Ihf 


■il  l  1 1  .  !  -i- h  1 

V' 

I*  i±-  -  Ji  vt-T 

litTpiH 

I '  '|  t-  i-  I  i 

lj-;[  T  ,  'j 

.  j.fX  A  ;  i  .  .  :  !  J  t  I  •  -  L  '  1  rf  I’  1  u  '  !  I  •  ‘  I  '■  'i 


riitp 


Test  Reading: 

kW:  1 

PF:  8’7. 5 


M 

%  DESIGN  CAPA 


'^4 


Calculations: 

Rated  kW  Input  = 


Tested  kW  Input  = 

From  Graph:  . 

%  Design  kW  (^)  = 


V3  X  Volt  X  Rated 
1000 
zr /■  /  3 


1000 


%  Design  Capacity  (A)  = 


Tested  kW  Input 
Rated  kW  Input 

Tested  Tons _ 

Rated  Tons 


Z  ? 

II 

Z77.'gy 

=  (p^*  ^  % 

H<n) 

The  part  load  performance  curve  is  shifted  to  meet  testing  conditions,  the  maximum  chiller  capacity  is  (A) 
_ _ %  X  Rated  Tons  =  _ , 

_  _Tons;  or_  srrz  MBtu 


Max.  Output  MBtu:  MBtu 

Max.  kW  Input:  ^5"/./?  kW 
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CALCULATED  BY 


CHECKED  BY  . 


vJ  V\J 


3// 3/?/ 


CHILLER  OUTPUT  CALCULATIONS 


TYPICAL  PART  LOAD  PERFORMANCE  CURVE 


Al  ...WATEn  TEMP  = _ ■ 

SI  80  -L  tIFiB/OLCWT  fT-L 

r  -  l)5F(zg,4C)  ERWTMRI  PARTLOAOl  *1  ! 

..  liniMliMlLillMillii 


Bti'SlaEiiilmiii; 


RT  i  n 


1.1!]  jr!  1  p 


-  50-H-t-l-i 


Mwm 


j  r:  i  1:11 

I  il  !i!l 


M  i'i'iij,' I  ',! 


ill!] 


liil  i 


tHt  rk  1kt-Trrr 

Mfl-  ki'L  kl  t' 

•'  i  !  *  •  rl  L  '  '  ff  'H  It  ^  ’111 


I  i 


%  desiom  capacity 


Building  No.: 

Chiller  No.:  •/ 

Chiller  Mfg.:  MCGU 


Design  Rating: 
Tons:  ^  S‘0 

Amps:  5~i^/ 


Test  Reading: 
kW: 

PF: 


MBtu:  ^ZOO 
Volts:  iZO 


Tons:  37^ 


Calculations: 

Rated  kW  Input  = 


Tested  kW  Input  = 


Va  X  Volt  X  Rated  Amps  X  PF 
1000 

3>10.'l  kW 

3VV.7  kW 


VT xHZOxsoi  X  .z^ 

1000 


From  Graph:  . 

%  Design  kW  (^)  = 


Tested  kW  Input 
Rated  kW  Input 


%  Design  Capacity  (^)  =  Tested  Tons 

Rated  Tons 


3  7^.7 
3nH 


The  part  load  performance  curve  is  shifted  to  meet  testing  conditions,  the  maximum  chiller  capacity  is  (A) 

_ ^  S _  %  X  Rated  Tons  =  .  ZZ  X  ^0 

=  396  Tons;  or  ^7/~Z  MBtu 


Max.  Output  MBtu:  y75'Z  MBtu 
Max.  kW  Input:  3  lo.-j  kW 
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CALCULATED  BY 


CHECKED  BY  . 


vJ 


CHILLER  OUTPUT  CALCULATIONS 

TYPICAL  PART  LOAD  PERFORMANCE  CURVE  E 


JilLJ  lilil  LLLUli.'  I  ULUtUl.U. 
TIwatgatemp'  -JT 

.L  ^4F(eVC)LCWT 

p  MF  (28,4C)  t«WT  (ftRI  PART  LOAD)  i  I 
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.  ixji:  v\h- 

T  |  i  ift 

T  iTvTT 
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P  if 
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IT-  I  "rnrt: Trrt  tr-Tr  tI'Iv  , '! i 


1  •rnT"17r--Tr  r;— I  [T 

i  i  1th  ii.  lt4  •  W  m  4 't  I 

■I  (  H  I  ',-  i  1 1  ■  :  ■  ■  1-^  ill  fl  I  I'M  rH-i  i  I  I  j  t  • 

5  ^25  flO  J  '5 

%  DESIGN  CAPAC^Y  j. 

aa 


till 


Calculations: 

Rated  kW  Input  = 


Tested  kW  Input  = 

From  Graph:  . 

%  Design  kW  (^)  = 


V3  X  Volt  X  Rated  Amps  X  PF 
1000 

2.H%.lo  kW 

2  33  kw 


Tested  kW  Input 
Rated  kW  Input 


.  Design  Capacity  (A)  =  Tested  Tons 

Rated  Tons 


Building  No.: 

Chiller  No.: 

Chiller  Mfg.:  Bit 


Design  Rating: 
Tons:  ^  ^ 

Amps: _ 3  *fO 


Test  Reading: 
kW:  2  3? 

PF: 


MBtu: 

Volts: 


211 


VJ X  .  ? 

1000 


2  3?: 

_ % 

z3\ 

10 

% 

The  part  load  performance  curve  is  shifted  to  meet  testing  condition^the  maximum  chiller  capacity  is  (A) 
73  %  X  Rated  Tons  = 

_ ^Tons;  or  MBtu 


Max.  Output  MBtu:  MBtu 

Max.  kW  Input:  kW 
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JOB 


EMC  ENGINEERS.  INC. 

Denver  •  Colorado  Springs  •  Atlanta  •  West  Germany 


SHEET  NO.  _ 

CALCULATED  BY  . 

CHECKED  BY  _ 

SCALE  _ 


3// 3/9/ 


CHILLER  OUTPUT  CALCULATIONS 


TYPICAL  PART  LOAD  PERFORMANCE  CURVE 


1 1 !  1 1  i  l  l  I  riTTTiTnriTFnTMlj 

..  WATER  TEMP' 

^^F(6K>LCWT  "tl. 

ejF  (28  -10  tftWTiARI  PART  LOAD)  jlj 


•1^  L 

III;  ill  i: 

j.i  1 

Tllif 

I IH  ]■ 

•  'll  1- 

!  'Tr’T 

i-i-i  ‘  fr  |!.L. 

i'  1  '  1 ! 

ii.i.  ..n-t- •  1. 

TTii  t 

PiTT  A.i  in’ 

:  •  ■  'in  It-  i ! 

%  QES^  CAPACITY 


Calculations: 

Rated  kW  Input  = 


Tested  kW  Input  = 


Vs  X  Volt  X  Rated  Amps  X  PF 
,  1000 
_  kW 

/  3  (o  kW 


From  Graph:  . 

%  Design  kW  {^)  =  Tested  kW  Input 

Rated  kW  Input 

%  Design  Capacity  (^)  =  Tested  Tons 

Rated  Tons 


Building  No.: 

Chiller  No.:  Z 

Chiller  Mfg.:  TKAa/£ 


Design  Rating: 
Tons:  ^S~0 
Amps:  ^  ^  t 


Test  Reading: 
kW;  / 

PF: 


MBtu:  S' 

Volts: 


3: 


1000 


)3C 


'25-0>,  S' 

^  ro 


s-1 


The  part  load  performance  curve  is  shifted  to  meet  testing  conditions,  the  maximum  chiller  capacity  is  (A) 
%  X  Rated  Tons  =  X^S'O 

=  Tons;  or  S'SHCp  MBtu 


Max.  Output  MBtu:  MBtu 

Max.  kW  Input:  '  'ZZH  ~kW 
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CALCULATED  BY 


CHECKED  BY  , 


W 


CHILLER  OUTPUT  CALCULATIONS 


TYPICAL  PART  LOAD  PERFORMANCE  CURVE 


. WATER  TEMP>  4] 

.L  44F|e/C)LCWT  H'l 

r  •  »9F(20.4C)  ERWTfARI  PARTLOAOl*-  ! 

Tiiii-iiiHiffiintfijaK 


iiitiiiiii 


f-lri  M’lT  ■ 
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MM 


%  OMION  CAPACITY 


Calculations: 

Rated  kW  Input  = 


Tested  kW  Input  = 


Va  X  Volt  X  Rated  Amps  X  PF 
1000 

kW 

/  2  S'  kW 


From  Graph:  . 

%  Design  kW  (^)  =  Tested  kW  Input 

Rated  kW  Input 

%  Design  Capacity  (^)  =  Tested  Tons 

Rated  Tons 


Building  No.:  ^^^3 
ChiilerNo.:  3 

Chiller  Mfg.;  T/?A^/£. 


Design  Rating: 
Tons:  ^  S~Z> 
Amps:  S” 


Test  Reading: 
kW:  iZf 

PF:  W 


MBtu:  S'^£n> 
Volts:  ^(o  0 


Tons:  2.^2  S' 


^3  X^/^i:>)(^^S''^ 

1000 


/T.S' 
z  d'i.^ 

^^0 


=  /  % 


I 


The  part  load  performance  curve  is  shifted  to  meet  testing  conditions,  the  maximum  chiller  capacity  Is  (A) 

_ ^  y  _ %  X  Rated  Tons  =  ,  K 

=  MH'S  Tons;  or  MBtu 

Max.  Output  MBtu:  MBtu 

Max.  kW  Input:  Z^z\c>  kW 
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APPENDIX  C.2 

BOILERS  EFFICIENCY  CALCULATIONS 


BOILER  COMBUSTION  TESTED  EFFICIENCY  AND  CAPACITY 


C-27 


BOILER  TESTED  CAPACITY 
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[BOILERS.WK3] 


BOILER  TESTED  CAPACITY 
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[BOILERS.WK3] 


BOILER  STANDBY  LOSS  CALCULATION 


C-30 


^7.  L.  f^LA-hJT  ‘:^^e>^'Z,0£>c. 


EMC  ENGINEERS.  INC. 

Denver  •  Colorado  Springs  •  Atlanta  •  West  Germany 


CALCULATED  BY  . 


CHECKED  BY  . 
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BOILER  BLOWDOWN  LOSS  CALCULATION 
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CALCULATED  BY  . 


CHECKED  BY  . 


0£>  O 


Percent  llaal  Loss 


2  1.3 


Fig.  37  Ellact  of  Boiler  Pressure  and  %  Blowdown  on  Blowdown  Heal  Loss 
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BOILER  COMBUSTION  TESTED  EFFICIENCY  AND  CAPACITY 
INCLUDED  STANDBY  AND  BLOWDOWN  LOSSES 


BOILER  CAPACITY 
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BLDG. 

NUMBER 

NUMBER 

OF 

BOLER 

BOILER 

MANUFACTURERER 

BOILER 

MODEL 

NUMBER 

PERCENT 

LOAD 

BOILERS 

TESTING 

EFF. 

PERCENT 
MAX.  ENERGY 
INPUT 

730 

1 

KEWANEE 

CAT#7L286-KX 

0 

0.'2 

0.0 

10 

42 

0.0 

13-Mar-91 

20 

78.5 

0.0 

06:28:00  AM 

30 

52.3 

0.0 

40 

26.2 

0.0 

50 

0.0 

ERR 

60 

0.0 

ERR 

70 

0.0 

ERR 

80 

0,0 

ERR 

90 

0.0 

ERR 

100 

0.0 

2 

KEWANEE 

CAT#7L286-KX 

0 

0.2 

0.0 

10 

42.0 

18.9 

20 

78.5 

20.3 

30 

78.4 

30.4 

40 

78.3 

40.6 

50 

78.2 

50.8 

60 

78.4 

60.8 

70 

80.1 

69.5 

80 

80.3 

79,1 

90 

80.6 

88.7 

100 

79.5 

100.0 

3 

CAT#7L286-KX 

0 

0.2 

0.0 

10 

42 

19.0 

20 

78.1 

20.4 

30 

78.4 

30.5 

40 

78.7 

40.5 

50 

79.1 

50.4 

60 

79.2 

60.4 

70 

79.7 

70.1 

80 

79.8 

80.0 

90 

79.9 

89.8 

100 

79.8 

100.0 

4 

KEWANEE 

CAT#7L280-KG- 

0 

0.2 

0.0 

10 

42 

18.9 

20 

77.5 

20.5 

30 

77.7 

30.7 

40 

78.0 

40.8 

50 

78.2 

50.8 

60 

78.5 

60.8 

70 

78.8 

70.7 

80 

79.0 

80.5 

90 

79.3 

90.3 

100 

1  79.6 

100.0 

C-36 


BOILERS  EFFICIENCY 


100 


730  CENTRAL  PI  ANT 


80 


_^#l^#2^#3_e_#4 


BLDG. 

NUMBER 

NUMBER 

OF 

BOLER 

mgji 

HHa 

PERCENT 
MAX.  ENERGY 
INPUT 

914 

1 

BRUNHAM 

PF510 

0 

0.2 

0.0 

13-Mar-91 

10 

42 

19.1 

06:28:00  AM 

20 

73.4 

21.8 

30 

74.2 

32.4 

40 

75.0 

42.7 

50 

75.9 

52.8 

60 

76.7 

62.6 

70 

77.5 

72.3 

80 

78.4 

81.7 

90 

79.2 

91.0 

100 

80.1 

100.0 

2 

RAY-PAK 

EA  2001TB 

0 

0.2 

0.0 

10 

42 

18.1 

20 

75.9 

20.0 

30 

75.9 

30.0 

40 

75.9 

40.0 

50 

75.9 

50.0 

60 

75.9 

60.0 

70 

75.9 

70.0 

80 

75.9 

80.0 

90 

75.9 

90.0 

100 

75.9 

100.0 

3 

AMERICAN  STD 

G1015 

0 

0.0 

10 

18.2 

20 

20.0 

30 

30.0 

40 

40.0 

50 

50.0 

60 

60.0 

70 

70.0 

80 

80.0 

90 

90.0 

100 

76.4 

100.0 

4 

AMERICAN  STD 

G1015 

0 

0.2 

0.0 

10 

42 

17.4 

20 

72.9 

20.0 

30 

72,9 

30.0 

40 

72.9 

40.0 

50 

72.9 

50.0 

60 

72.9 

60.0 

70 

72.9 

70.0 

80 

72.9 

80.0 

90 

72.9 

90.0 

_ L 

100 

72.9 

100.0 

C-38 


BLOG. 

NUMBER 

NUMBER 

OF 

BOLER 

BOILER 

MANUEACTURERER 

BOILER 

MODEL 

NUMBER 

PERCENT 

LOAD 

BOILERS 

TESTING 

EFF. 

PERCENT 
MAX.  ENERGY 
INPUT 

2812 

1 

GS  3562 

0 

0.2 

0.0 

13-Mar-91 

10 

42 

18.5 

06:28:00  AM 

20 

77.8 

20.0 

30 

77.8 

30.0 

40 

77.8 

40.0 

50 

77.8 

50.0 

60 

77.8 

60.0 

70 

77.8 

70.0 

80 

77.8 

80.0 

90 

77.8 

90.0 

100 

77.8 

100.0 

2 

THERMO-PAK  BOILER 

GW5500X 

0 

0.2 

0.0 

10 

42 

16.7 

20 

64.9 

21.6 

30 

65.5 

32.0 

40 

66.2 

42.3 

50 

66.8 

52.4 

60 

67.5 

62.3 

70 

68.  L 

72.0 

80 

68.7 

81.5 

90 

69.4 

90.8 

100 

70.0 

100.0 

4 

KEWANEE 

CAT#7L280-KG- 

0 

0.2 

0.0 

10 

42 

17.3 

20 

65.3 

22.2 

30 

66.2 

32.9 

40 

67.1 

43.2 

50 

68.0 

53.3 

60 

68.9 

63.1 

70 

69.8 

72.7 

80 

70.7 

82.0 

90 

71.6 

91.1 

100 

72.5 

100.0 

•• 


BOILERS  EFFICIENCY 


BLDG. 

NUMBER 

NUMBER 

OF 

BOLER 

BOILER 

MANUFACTURERER 

BOILER 

MODEL 

NUMBER 

PERCENT 

LOAD 

BOILERS 

TESTING 

EFF. 

PERCENT 
MAX.  ENERGY 
INPUT 

1 

BIRCHFELD 

FBH  578 

0 

0.2 

0.0 

10 

42 

18.3 

13-Mar-91 

20 

72.8 

21.1 

08:28:00  AM 

30 

73.5 

31.3 

40 

74.2 

41.3 

50 

75.0 

51.1 

60 

75.3 

61.1 

70 

76.0 

70.6 

80 

76.3 

80.4 

90 

76.7 

90.0 

100 

76.7 

100.0 

2 

BIRCHFIELD 

FBH  578 

0 

0.2 

0.0 

10 

42 

0.0 

20 

0.0 

ERR 

30 

0.0 

ERR 

40 

0.0 

ERR 

50 

0.0 

ERR 

60 

0.0 

ERR 

70 

0.0 

ERR 

80 

0.0 

ERR 

90 

0.0 

ERR 

100 

0.0 

ERR 

3 

BIRCHFIELD 

FBH  578 

;  0 

0.2 

0.0 

10 

42 

18.3 

20 

71.2 

21.6 

30 

72.6 

31.7 

40 

74.1 

41.4 

50 

75.6 

50.7 

60 

75.8 

60.7 

70 

76.6 

70.1 

80 

76.8 

79.9 

90 

77.0 

89.6 

100 

76.7 

1  100.0 

4701  CENTRAL  PLANT 
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BOILERS  EFFICIENCY 


ULDG. 

NUMBER 


13~Mar-91 
08:28:00  AM 


NUMBER  BOILER  BOILER 

OF  MANUFACTURERER  MODEL 

BOLER - - -  NUMBER 

1  AMERICAN  STANDARD  PF515 


PERCENT 

LOAD 


2  AMERICAN  STANDARD  PF515 


BOILERS 

TESTING 

EFF. 

0.2 

42 

66.9 

67.7 
68.6 
69.4 

70.3 
71.1 

71.9 

72.8 

_ 73.6 

0.2 

42 

65.8 

66.3 

66.8 

67.3 

67.9 

68.4 

68.9 

69.4 

69.9 


PERCENT 
MAX.  ENERGY 
INPUT 

0.0 

17.5 

22.0 

32.6 

42.9 
53.0 

62.9 

72.5 

61.9 
91.0 

_  100.0 

0.0 

16.6 

21.2 

31.6 

41.8 

51.9 
61.8 

71.6 
81.2 

90.7 

_  100.0 


5676  CENTRAL  PLANT 


20  30  40  _  50  60  70  80  90  100 

PERCENT  LOAD 
_#1_#2 


BOILERS  EFFICIENCY 


bLUU. 

NUMBER 


13-Mar-91 
08:28:00  AM  | 


NUMBER  BOILER  BOILER 

OF  MANUFACTURERER  MODEL 

■  boiler _ _ _ NUMBER 

1  BRUNHAM  "PFSU - 


PERCENT 

LOAD 


2  BRUNHAM 


BOILERS 

TESTING 

EFF. 

0.2 

42 

67.0 

66.9 

66.8 

66.6 

66.5 

66.4 

66.3 
66.1 

_ 66.0 

0.2 

42 

69.5 

69.8 

70.1 

70.4 

70.6 

70.9 

71.2 

71.5 
71.8 


PERCENT 
MAX.  ENERGY 
INPUT 

0.0 

15.7 

19.7 

29.6 

39.6 

49.5 

59.5 

69.6 

79.7 

89.8 

_ 100.0 

0.0 

17.1 

20.7 

30.9 
41.0 
51.0 
61.0 

70.9 
80.6 
90.4 

_  100.0 


5678  CENTRAL  PLANT 


10  20  30  40  50  60  70  80  90  100 

PERCENT  LOAD 

*#1_#2 


BLDG. 

NUMBER 

NUMBER 

OF 

BOLER 

BOILER 

MANUFACTURERER 

BOILER 

MODEL 

NUMBER 

PERCENT 

LOAD 

BOILERS 

TESTING 

EFF. 

PERCENT 
MAX.  ENERGY 
INPLIT 

6003 

13-Mar-91 
08:28:00  AM 

1 

KEWANEE 

L39-350-605 

0 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

0.2 

42 

69.7 

72.8 

75.9 

79.1 

79.3 
79.6 
79.8 

80.1 

80.4 

0.0 

19.1 

23.1 

33.1 

42.3 

50.8 

60.8 
70.7 
80.5 

90.3 
100.0 

2 

YORK  SHIPLEY 

SPL-350-N1120€ 

0 

0.2 

10 

42.0 

18.5 

20 

75.4 

20.7 

30 

76.0 

30.7 

40 

76.6 

40.6 

50 

77.3 

50.4 

60 

77.4 

60.4 

70 

77.7 

70.2 

80 

77.8 

80.1 

90 

77.9 

90.0 

100 

77.9 

100.0 

3 

KEWANEE 

L36-350-605 

0 

0.2 

0.0 

10 

42 

19.0 

20 

72.9 

21 .9 

30 

75.0 

32.0 

40 

77.1 

41.5 

50 

79.3 

50.4 

60 

79.4 

60.4 

70 

79.6 

70.4 

80 

79.7 

80.3 

90 

79.8 

90.1 

100 

80.0 

100.0 

u 

:z; 

m 

HH 
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00 
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BOILER  STANDBY  LOSS  SAVING  CALCULATION 
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BOILER  STANDBY  SAVINGS 
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[BOILERS.WK3] 


APPENDIX  D 

ECO  ANALYSIS 


CENTRAL  PLANT  730 


D-730-I 


ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 
FT.  SILL,  OKLAHOMA 

CENTRAL  PLANT:  730 

ENERGY  CONSERVATION  OPPORTUNITY:  ECO-  1 

SYSTEM  MODIFICATION:  ADD  INSTRUMENTATION  TO  DETERMINE  LOAD 
SYSTEMS  TO  MODIFY: 


CALCULATION  DESCRIPTION: 

Two  PC-CUBE  program  computer  runs  are  compared  to  determine  the  energy  savings  for 
ECO-1 ,  install  instrumentation  to  facilitate  efficient  operation  of  chiller  plant. 

The  first  computer  run  (Baseline)  is  a  simulation  of  the  existing  structure,  equipment,  and 
systems,  and  how  they  are  presently  operated.  The  second  computer  run  (ECO)  is  also  a 
simulation  of  the  existing  building  with  modifications  implemented  in  the  systems,  equipment, 
or  the  operation.  The  difference  in  the  totals  from  the  two  computer  runs  represents  the  savings. 


ANNUAL  UTILITY  SAVINGS 


PC  CUBE  RUN 

Electric 

Nat.  Gas 
(MMBtu) 

Total  Energy 
(MMBtu) 

Demand(kW) 

Energv(kWh) 

Baseline 

525 

883,000 

20,988 

24,002 

ECO 

396 

640,000 

20,988 

23,172 

Savinqs  (Baseline-ECO) 

129 

243.000 

0 

829 

NOTE:  The  savings  for  this  ECO  did  not  consider  any  interrelated  savings  with  other 

ECOs  identified  as  economically  feasible. 


ENERGY  COST  SAVINGS: 

Electricity: 

Nat.  Gas: 

Total  Energy  Cost  Savings: 


829  MMBtum  X 

0  MMStum  X 

$3,329  + 


NON-ENERGY  SAVINGS  (+),  COST  (-): 


Demand: 


129  kW/month 


$4.0141  /MMBtu  = 
$2.92/MMBtu  = 

$0 

$1.787/kW  X 


$3,329  per  year 
$0  per  year 
$3,329  per  year 

12  months/year 


=  (+) 

$2,766  per  year 

Maintenance: 

=  {-) 

$320  per  year 

Total: 

$2,766 

$320 

=r 

$2,446  per  year 

[ECO-SHT.WK3] 


D-730-2 


PC-CUBE  VERSION  2.0.3 

CENTAL  PALNT  730  BASELINE- 1 

SYSTEM  Cl  NORMAL  HEATING  AND  COOLING  SEASONS 


FUEL  AND  POWER  CONSUMPTION  SYSTEM  Cl 

TOTAL  GAS  CONSUME.,  1000  CU  FT  20987. 

PEAK  DAY  GAS  CONSUMP.,  1000  CU  FT  287. 

ELECTRICAL  CONSUMPTION,  KWH  883113. 

PEAK  KW  DEMAND  (15  MIN  BASIS)  525. 

PURCHASED  ELECTRIC  POWER 

ON-PEAK  CONSUMPTION  KWH  883113. 

QN-PEAK  KW  DEMAND  (15  MIN  BASIS)  525. 

MID-PEAK  CONSUMPTION  KWH  0. 

MID-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

OFF-PEAK  CONSUI^TIQN  KWH  0. 

OFF-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

GENERATED  ELECTRICAL  POWER  KWH  0. 

SOLD  ELECTRICAL  POWER  KWH  0. 

AUXILIARY  FUEL  CCtf5SU^®TION  0. 

DIR,  PROC.  GAS  CONSUMP.,  1000  CF  0. 

CHILLER  OPERATING  HOURS 

CHILLER  1  1873 

BOILER  OPERATING  HOURS 

BOILER  1  1507 

BOILER  2  980 

BOILER  3  570 

RECOVERABLE  HEAT  USED,  MBTU  0. 

RECOVERABLE  HEAT  UNUSED,  MBTU  0. 


PAGE  NO. 


**  TOTAL  ** 


21 
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PC-CUBE  VERSION  2.0.3 


PAGE  NO 
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CENTRAL  PLANT  730  CHILLER  ECO-1 

SYSTEM  Cl  NORMAL  HTG  &  COOLING  W/kW  PUMP  REDUCTION 


FUEL  AND  POWER  CONSUMPTION  SYSTEM  Cl 

TOTAL  GAS  CONSUME.,  1000  CU  FT  20987. 

PEAK  DAY  GAS  CONSUME.,  1000  CU  FT  287. 

ELECTRICAL  CONSUMPTION,  KWH  641100. 

PEAK  KW  DEMAND  (15  MIN  BASIS)  396. 

PURCHASED  ELECTRIC  POWER 

ON-PEAK  CONSUMPTION  KWH  641100. 

ON-PEAK  KW  DEMAND  (15  MIN  BASIS)  396. 

MID-PEAK  CONSUMPTION  KWH  0. 

MID-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

OFF-PEAK  CONSUMPTION  KWH  0. 

OFF-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

GENERATED  ELECTRICAL  POWER  KWH  0. 

SOLD  ELECTRICAL  POWER  KWH  0, 

AUXILIARY  FUEL  CONSUMPTION  0. 

DIR.  PROC,  GAS  CONSUME.,  1000  CF  0. 

CHILLER  OPERATING  HOURS 

CHILLER  1  1073 

BOILER  OPERATING  HOURS 

BOILER  1  1507 

BOILER  2  980 

BOILER  3  570 

RECOVERABLE  HEAT  USED,  MBTU  0. 

RECOVERABLE  HEAT  UNUSED,  MBTU  0. 


**  TOTAL  ** 


D-730-4 


ECO-1,  INSTRUMENTATION  FOR  CHILLER  PLANT 
(TYPICAL) 


CHILLER  2 


CONDENSER 

II 

COMPRESSOR 

1^1 

EVAPORATOR 

CHILLER  1 

CONDENSER 

1 

COMPRESSOR 

L 

- 

EVAPORATOR 

\  CWP-1 


BTU  METER  f  H 
(NEW)  1 


1 


(NEW) 


CWS 


I  \  \ 

I  \  ^ 

+  T  \ 

'  '  \ 

' 

(NEW) 


XT* 

\-CWR 


DISPLAY:  (NEW) 

-  TEMP’S  & 

-  TONS  COOLING 


^  TO  BLDGs. 


(NEW) 

- S  FROM  BLDGs. 


[□  FLOW  METER 

[Y\  TEMPERATURE  SENSORS 


DATE  PREPARED 

04 -Apr -91 

SHT  OF 

CHECKED  BY  CEL 

O 

Total 

Wt 

z 

Q. 

0. 

X 

CO 

Unit 

Wt 

EFFECTIVE  PRICING 

DATE  APR.  91 

DRAWING  NO. 

TOTAL 

$504 

$504 

$961 

CO 

CO 

O) 

o 

CM 

$496 

$3,523 

$564 

$352 

$4,439 

CO 

00 

CO 

$5,327 

$293 

o 

CM 

(0 

U> 

ESTIMATOR 

MATERIAL 

o 

o 

$328 

$328 

$764 

$820 

$120 

$316 

$2,676 

$428 

CO 

CO 

CM 

$3,372 

$674 

<0 

CO 

CM 

CM 

\  $4,269 

INVITATION  NO./CONTRACT  NO. 

DACA  59-90-C-0087 

Unit 

Price 

$328 

CO 

CVJ 

CO 

$764 

$820 

$60 

$158 

O 

LU 

Q 

O 

o 

EQUIPMENT  1 

Cost 

X  CODE  B 

OTHER 

Unit 

Price 

CODE  A 

LABOR 

Cost 

$176 

$176 

$197  1 

$118 

$180 

$847 

$136 

$85 

$1,067 

$213 

$1,281 

$70 

$1,351 

Unit 

Price 

$176 

$176 

$197 

o 

CVJ 

$20 

COST  ESTIMATE  ANALYSIS 

PROJECT  ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER 

LOCATION  FT.  SILL.  OKLAHOMA 

Total 

Hrs 

6.0 

CM 

0) 

MH/ 

Unit 

o 

<6 

4.6 

Quantity 

Unit 

Meas 

< 

UJ 

< 

lU 

< 

UJ 

< 

UJ 

< 

UJ 

< 

Ul 

No.  Of 

Units 

1— 

CM 

CM 

16% 

10% 

o 

CM 

5.5% 

CHILLER  ECO-1  BLDG.  730 

INSTRUMENTATION 

I  TASK  DESCRIPTION 

INSTRUMENTATION  FOR  2  CHILLERS 

CHWS  TEMPERATURE  SENSOR 

CHWR  TEMPERATURE  SENSOR 

INSERT.  FLOW  METER 

BTU  METER 

LED  DISPLAY 

1  LED  INSTALLATION 

SUBTOTAL 

G 

Z 

0 

CQ 

c 

I 

£ 

0 

1  PROFIT 

COST  SUB-TOTAL 

1  CONTINGENCY 

SUBTOTAL 

1  S&A 

TOTAL  THIS  SHEET 

D-730-6 


DA  FORM  5418-R.  APR  85 


LIFE  CYCLE  COST  ANALYSIS  SUMMARY  STUDY;  C730ECO 

ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP)  LCCID  1.035 

INST7U.LATION  &  LOCATION:  FT.  SILL,  OKLAHOMA  REGION  NOS.  6  CENSUS:  3 

PROJECT  NO.  &  TITLE:  3002-000  ENERGY  SURVEY  OF  ARMY  BOILER/CHILLERS 
FISCTVL  YEAR  1991  DISCRETE  PORTION  NAME:  CHILLER  INSTRUMENTATION 
ANALYSIS  DATE;  04-08-91  ECONOMIC  LIFE  15  YEARS  PREPARED  BY:  KC 


1.  INVESTMENT 

A.  CONSTRUCTION  COST  $ 

B.  SIOH  $ 

C.  DESIGN  COST  $ 

D.  ENERGY  CREDIT  CALC  (1A+1B+1C)X.9  $ 

E.  SALVAGE  VALUE  COST  -$ 

F.  TOTAL  INVESTMENT  (ID- IE)  $ 


2.  ENERGY  SAVINGS  (+)  /  COST  (-) 

ANALYSIS  DATE  ANNUAL  SAVINGS,  UNIT  COST  &  DISCOUNTED  SAVINGS 


5327. 

293. 

320. 

5346. 

0. 

5346. 


UNIT  COST 

SAVINGS 

ANNUAL  $ 

DISCOUNT 

DISCOUNTED 

FUEL 

$/MBTU(l) 

MBTU/YR(2) 

SAVINGS ( 3 ) 

FACTOR(4) 

SAVINGS(5) 

A. 

ELECT 

$  4.01 

829. 

$ 

3328. 

8.78 

29216. 

B- 

DIST 

$  .00 

0. 

$ 

0. 

12.34 

0. 

C. 

RESID 

$  .00 

0. 

$ 

0. 

12.05 

0. 

D. 

NAT  G 

$  2.92 

0. 

$ 

0. 

12.48 

0. 

E. 

COAL 

$  .00 

0. 

$ 

0. 

10.01 

0. 

F. 

TOTAL 

829. 

$ 

3328. 

$ 

29216. 

NON 

ENERGY 

SAVINGS (+)  / 

COST(-) 

A. 

ANNUAL 

RECURRING  (+/ 

$ 

2446. 

(1)  DISCOUNT  FACTOR 

(TABLE  A) 

9.11 

(2)  DISCOUNTED  SAVING/COST  (3A  X 

3A1) 

$ 

22283. 

C- 

TOTAL  NON  ENERGY  DISCOUNTED  SAVINGS (+) 

/COST(“) 

(3A2+3Bd4) 

$ 

22283. 

D.  PROJECT  NON  ENERGY  QUALIFICATION  TEST 

(1)  25%  MAX  NON  ENERGY  CALC  (2F5  X  .33)  $ 

A  IF  3D1  IS  =  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  =  (2F5+3D1)/1F) 

C  IF  3D1B  IS  =  >  1  GO  TO  ITEM  4 

D  IF  3D1B  IS  <  1  PROJECT  DOES  NOT  QUALIFY 


4. 

FIRST  YEAR  DOLLAR  SAVINGS  2F3+3A+ ( 3B1D/ (YEARS 

ECONOMIC 

LIFE))  $ 

5774. 

5. 

TOTAL  NET  DISCOUNTED  SAVINGS  (2F5+3C) 

$ 

51499. 

6. 

DISCOUNTED  SAVINGS  RATIO 

(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 

(SIR)  = 

(5  /  1F)= 

9.63 

7. 

SIMPLE  PAYBACK  PERIOD  (ESTIMATED)  SPB 

1—1 

II 

.93 

9641. 

7.27 


D-730-7 


ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 
FT.  SILL,  OKLAHOMA 


CENTRAL  PLANT:  730 

ENERGY  CONSERVATION  OPPORTUNITY:  ECO-  2 

SYSTEM  MODIFICATION:  CHILLER  OPTIMIZATION,  ADD  INSTRUMENTATION 
SYSTEMS  TO  MODIFY:  CHILLER  1  AND  3 


CALCULATION  DESCRIPTION: 

Two  PC -CUBE  program  computer  runs  are  compared  to  determine  the  energy  savings  for 
ECO-2,  install  instrumentation  connected  to  EMCS  for  chiller  optimization. 

The  first  computer  run  (Baseline)  is  a  simulation  of  the  existing  structure,  equipment,  and 
systems,  and  how  they  are  presently  operated.  The  second  computer  run  (ECO)  is  also  a 
simulation  of  the  existing  building  with  modifications  implemented  in  the  systems,  equipment, 
or  the  operation.  The  difference  in  the  totals  from  the  two  computer  runs  represents  the  savings. 


ANNUAL  UTILITY  SAVINGS 


NOTE:  The  savings  for  this  ECO  did  not  consider  any  interrelated  savings  with  other 

EOOs  identified  as  economically  feasible. 


ENERGY  COST  SAVINGS: 

Electricity:  1154MMBtu/Yr  X 

$4.0141  /MMBtu  = 

$4,631  per  year 

Nat.  Gas:  0  MMBtu/Yr  X 

$2.92/MMBtu  = 

$0  per  year 

Total  Energy  Cost  Savings: 

$4,631  + 

$0 

$4,631  per  year 

NON-ENERGY  SAVINGS  (+),  COST  (-): 

Demand:  163  kW/month  X 

$1.787/kW  X 

12  months/year 

=  (+) 

$3,495  per  year 

Maintenance:  =  (-) 

$1 ,077  per  year 

Total:  $3,495 

— 

$1,077 

$2,418  per  year 

[ECO-SHT.WK3] 


D-730-8 


PC-CUBE  VERSION  2.0.3 

CENTAL  PALNT  730  BASELINE- 1 

SYSTmi  Cl  NORMAL  HEATING  AND  COOLING  SEASONS 


FUEL  AND  POWER  CONSUMPTION  SYSTEM  Cl 

TOTAL  GAS  CONSUME.,  1000  CU  FT  20987. 

PEAK  DAY  GAS  CONSUME.,  1000  CU  FT  287. 

ELECTRICAL  CONSUI^TION,  KWH  883113. 

PEAK  KW  DEMAND  (15  MIN  BASIS)  525. 

PURCHASED  ELECTRIC  POWER 

ON-PEAK  CONSUMPTION  KWH  883113. 

ON-PEAK  KW  DEMAND  (15  MIN  BASIS)  525. 

MID-PEAK  CONSUMPTION  KWH  0. 

MID-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

OFF-PEAK  CONSUMPTION  KWH  0. 

OFF-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

GENERATED  ELECTRICAL  POWER  KWH  0. 

SOLD  ELECTRICAL  POWER  KWH  0. 

AUXILIARY  FUEL  CONSUMPTION  0. 

DIR.  PROC.  GAS  CONSUMP.,  1000  CF  0. 

CHILLER  OPERATING  HOURS 

CHILLER  1  1873 

BOILER  OPERATING  HOURS 

BOILER  1  1507 

BOILER  2  980 

BOILER  3  570 

RECOVERABLE  HEAT  USED,  MBTU  0. 

RECOVERABLE  HEAT  UNUSED,  MBTU  0. 


**  TOTAL  ** 


D-730-9 


PC-CUBE  VERSION  2.0.3 

CENTRAL  PLANT  730  CHILLER  ECO-2 

SYSTEM  Cl  NORMAL  HEATING  AND  COOLING  SEASONS 


FUEL  AND  POWER  CONSUMPTION  SYSTEM  Cl 

TOTAL  GAS  CONSUMP.,  1000  CU  FT  20987. 

PEAK  DAY  GAS  CONSUMP.,  1000  CU  FT  287. 

ELECTRICAL  CONSUMPTION,  KWH  545601. 

PEAK  KW  DEMAND  (15  MIN  BASIS)  362. 

PURCHASED  ELECTRIC  POWER 

ON-PEAK  CONSUMPTION  KWH  545601. 

ON-PEAK  KW  DEMAND  (15  MIN  BASIS)  362. 

MID-PEAK  CONSUMPTION  KWH  0. 

MID-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

OFF-PEAK  CONSUMPTION  KWH  0. 

OFF-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

GENERATED  ELECTRICAL  POWER  KWH  0. 

SOLD  ELECTRICAL  POWER  KWH  0. 

AUXILIARY  FUEL  CONSUMPTION  0. 

DIR.  PROC.  GAS  CONSUME.,  1000  CF  0. 

CHILLER  OPERATING  HOURS 

CHILLER  1  1873 

CHILLER  2  0 

BOILER  OPERATING  HOURS 

BOILER  1  1507 

BOILER  2  980 

BOILER  3  570 

RECOVERABLE  HEAT  USED,  MBTU  0. 

RECOVERABLE  HEAT  UNUSED,  MBTU  0. 
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D-730-12 


DATE  PREPARED 

04 -Apr -91 

SHT  OF 

CHECKED  BY  CEL 

O 

Total 

Wt 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

I 

1 

1 

1 

z 

Q. 

I 

(0 

Unit 

Wt 

1 

1 

1 

1 

1 

1 

1 

1 

ll 

EFFECTIVE  PRICING 

DATE  APR.  91 

DRAWING  NO. 

KC 

TOTAL 

$1,664 

$2,016 

-•t 

(0 

<q 

T- 

<0 

T" 

o 

cm’ 

CO 

CO 

CO 

CM* 

CO 

CM 

r“ 

O 

1 

$1,224 

$491 

$666 

U) 

CD 

CM 

IV 

0) 

o 
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<0 

CM 

0) 

IV 

o 

U) 

o 

rv 

CM 

io 

o 

w 

io 

($8,686) 

$1 1 ,873 

o 

o 

q 

|V 

CO 

r- 
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€0 

to 

CM 

a> 

cm’ 

AO 

CM 

m 

o> 

|v’ 

r- 

AO 

|V 

CO 

a> 

a> 

CO 

m 

to 

T- 

ESTIMATOR 

MATERIAL 

Cost 

00*999 

1312.00 

656.00 

1312.00 

o 

o 

csi 

0) 

<0 

SI 

o 

q 

226.00 

226.00 

410.00 

00*0 

452.00 

106.00 

558.00 

226.00 

o 

q 

cd 

to 

u> 

226.00 

374.00 

o 

q 

CO 

540.00 

3681.00 

o 

o 

cd 

s 

1 

CO 

o 

00 

AO 

$1 .285 

CO 

o 

00 

AO 

$10,123 

to 

CM 

o 

cm’ 

AO 

I 

1 

INVITATION  NO./CONTRACT  NO. 

DACA  59-90-0-0087 

Unit 

Price 

o 

o 

00 

OJ 

CO 

328.00 

328.00 

o 

o 

cd 

CM 

CO 

o 

q 

(0 

N 

(0 

Si 

o 

o 

<b 

CM 

CM 

226.00 
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<6 

CM 

CM 

o 

q 

U) 

o 

CM 

205.00 

226.00 

oo*es 

558.00 

o 
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(b 

CM 

CM 

00*899 

o 

o 

<6 

CM 

CM 

o 

o 

CO 

374.00 

270.00 

3681.00 

o 

liJ 

O 

O 

O 

EQUIPMENT 

Cost 

1 

1 

1 

1 

1 

__X  1  CODE  _ 

OTHER 

Unit 

Price 

< 

UJ 
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LABOR 

Cost 
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z 
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lO 

CM 
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Unit 

Price 

176 

<o 

(0 

h- 

T“ 

(0 

IV 

T“ 

39 

o 

T- 

<D 

CM 

to 

to 

COST  ESTIMATE  ANALYSIS 

PROJECT  ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER 

LOCATION  FT.  SILL.  OKLAHOMA 
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LIFE  CYCLE  COST  ANALYSIS  SUMMARY  STUDY;  C730ECO 

ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP)  LCCID  1.035 

INSTALLATION  &  LOCATION;  FT.  SILL,  OKLAHOMA  REGION  NOS.  6  CENSUS;  3 

PROJECT  NO.  &  TITLE;  3002-000  ENERGY  SURVEY  OF  ARMY  BOILER/ CHILLERS 
FISCAL  YEAR  1991  DISCRETE  PORTION  NAME;  CHILLER  OPTIMIZATION 
ANALYSIS  DATE;  04-08-91  ECONOMIC  LIFE  15  YEARS  PREPARED  BY;  KC 


1.  INVESTMENT 

A.  CONSTRUCTION  COST  $ 

B.  SIOH  $ 

C.  DESIGN  COST  $ 

D.  ENERGY  CREDIT  CALC  ( lA+lB+lC) X. 9  $ 

E.  SALVAGE  VALUE  COST  -$ 

F.  TOTAL  INVESTMENT  (ID- IE)  $ 


2.  ENERGY  SAVINGS  (+)  /  COST  (-) 

ANALYSIS  DATE  ANNUAL  SAVINGS,  UNIT  COST  &  DISCOUNTED  SAVINGS 


17952. 

988. 

1078. 

18016. 

0. 

18016. 


FUEL 

UNIT  COST 
$/MBTU(l) 

SAVINGS 

MBTU/YR(2) 

A. 

ELECT 

$ 

4.01 

1154. 

B. 

DIST 

$ 

.00 

0. 

C. 

RESID 

$ 

.00 

0. 

D. 

NAT  G 

$ 

2.92 

0. 

E. 

COAL 

$ 

.00 

0. 

F. 

TOTAL 

1154. 

ANNUAL  $ 

DISCOUNT 

DISCOUNTED 

SAVINGS (3) 

FACTOR(4) 

SAVINGS(5) 

$  4632. 

8.78 

40670. 

$  0. 

12.34 

0. 

$  0. 

12.05 

0. 

$  0. 

12.48 

0. 

$  0. 

10.01 

0. 

$  4632. 

$  40670. 

3.  NON  ENERGY  SAVINGS (+)  /  COST(-) 


A. 


ANNUAL  RECURRING  (+/-) 

(1)  DISCOUNT  FACTOR  (TABLE  A) 

(2)  DISCOUNTED  SAVING/ COST  ( 3A  X  3A1) 


9.11 


$ 

$ 


C.  TOTAL  NON  ENERGY  DISCOUNTED  SAVINGS(+)  /COST(-)  (3A2+3Bd4)  $ 


2418. 

22028. 

22028. 


D.  PROJECT  NON  ENERGY  QUALIFICATION  TEST 

(1)  25%  MAX  NON  ENERGY  CALC  (2F5  X  .33)  $  13421. 

A  IF  3D1  IS  =  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  =  (2F5+3D1)/1F)=  3.00 

C  IF  3D1B  IS  =  >  1  GO  TO  ITEM  4 

D  IF  3D1B  IS  <  1  PROJECT  DOES  NOT  QUALIFY 


4. 

5. 

6. 

7. 


FIRST  YEAR  DOLLAR  SAVINGS  2F3+3A+ ( 3B1D/ (YEARS  ECONOMIC  LIFE))  $ 

TOTAL  NET  DISCOUNTED  SAVINGS  (2F5+3C)  $ 

DISCOUNTED  SAVINGS  RATIO  (SIR)=(5  /  1F)=  3.48 

(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 

SIMPLE  PAYBACK  PERIOD  (ESTIMATED)  SPB=lF/4  2.56 


7050. 

62698. 
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ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 
FT.  SILL,  OKLAHOMA 

CENTRAL  PLANT:  730 

ENERGY  CONSERVATION  OPPORTUNITY:  ECO-  3 

SYSTEM  MODIFICATION:  MINOR  RENOVATION,  CHILLER  1&3 
SYSTEMS  TO  MODIFY:  CHILLER  1,3 


CALCULATION  DESCRIPTION: 

Two  PC-CUBE  program  computer  runs  are  compared  to  determine  the  energy  savings  for 
ECO-3,  renovate  or  replace  existing  chiiiers. 

The  first  computer  run  (Baseline)  is  a  simulation  of  the  existing  structure,  equipment,  and 
systems,  and  how  they  are  presently  operated.  The  second  computer  run  (ECO)  is  also  a 
simulation  of  the  existing  building  with  modifications  implemented  in  the  systems,  equipment, 
or  the  operation.  The  difference  in  the  totals  from  the  two  computer  runs  represents  the  savings. 


ANNUAL  UTILITY  SAVINGS 


PC  CUBE  RUN 

E 

lectric 

Nat.  Gas 
(MMBtu) 

Total  Energy 
fMMBtuI 

Demand(kW) 

Energy(kWh) 

Baseline 

525 

883,000 

20,988^ 

24,002 

ECO 

503 

881,000 

20,988 

23,995 

Savings  (Baseline -ECO) 

22 

2.000 

0 

7 

NOTE:  The  savings  for  this  ECO  did  not  consider  any  interreiated  savings  with  other 

ECOs  identified  as  economically  feasible. 


ENERGY  COST  SAVINGS: 


Electricity: 

7  MMBtuA'r  X 

$4.0141  /MMBtu  = 

$27  per  year 

Nat.  Gas: 

0  MMBtuA^r  X 

$2.92 /MMBtu  = 

$0  per  year 

Total  Energy  Cost  Savings: 

$27  + 

$0 

$27  per  year 

NON-ENERGY  SAVINGS  (+),  COST  (-): 

Demand: 

22  kW/monlh  X 

$1.787/kW  X 

12  months/year 

=  (+) 

$472  per  year 

Maintenance: 

=  (-) 

$3,000  per  year 

Total: 

$472 

$3,000 

($2,528)  per  year 

[ECO-SHT.WK3) 
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PC-CUBE  VER3I0H  2.0.3 

CENTAL  PALHT  730  BASELINE-1 

SYSTEM  Cl  NORMAL  HEATING  AND  COOLING  SEASONS 


FUEL  AND  POWER  CONSUMPTION  SYSTEM  Cl 

TOTAL  GAS  CONSUMP. ,  1000  CU  FT  20987, 

PEAK  DAY  GAS  CONSUMP.,  1000  CU  FT  287. 

ELECTRICAL  CONSUMPTION,  KWH  883113. 

PEAK  KW  DEMAND  (15  MIN  BASIS)  525. 

PURCHASED  ELECTRIC  POWER 

ON-PEAK  CONSUMPTION  KWH  883113. 

ON-PEAK  KW  DEMAND  (15  MIN  BASIS)  525. 

MID-PEAK  CONSUMPTION  KWH  0. 

MID-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

OFF-PEAK  CONSUMPTION  KWH  0. 

OFF-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

GENERATED  ELECTRICAL  POWER  KWH  0. 

SOLD  ELECTRICAL  POWER  KWH  0. 

AUXILIARY  FUEL  CC»?SUMPTION  0. 

DIR.  PROC.  GAS  CONSUME.,  1000  CF  0. 

CHILLER  OPERATING  HOURS 

CHILLER  1  1873 

BOILER  OPERATING  HOURS 

BOILER  1  1507 

BOILER  2  980 

BOILER  3  570 

RECOVERABLE  HEAT  USED,  MBTU  0. 

RECOVERABLE  HEAT  UNUSED,  MBTU  0. 


PAGE  NO. 


**  TOTAL  ** 


21 
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PC-CUBE  VERSION  2.0.3 


PAGE  NO 


9 


CENTRAL  PLANT  730  CHILLER  ECO- 3 

SYSTEM  Cl  NORMAL  HEATING  AND  COOLING  SEASONS 


FUEL  AND  POWER  CONSUMPTION  SYSTEM  Cl 


TOTAL  GAS  CONSUMP.,  1000  CU  FT  20987. 

PEAK  DAY  GAS  CONSUMP.,  1000  CU  FT  287, 


ELECTRICAL  CONSUMPTION,  KWH  880838. 

PEAK  KW  DEMAND  (15  MIN  BASIS)  503. 

PURCHASED  ELECTRIC  POWER 

ON-PEAK  CONSUMPTION  KWH  880838. 

ON -PEAK  KW  DEMAND  (15  MIN  BASIS)  503. 

MID-PEAK  CONSUMPTION  KWH  0. 

MID-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

OFF-PEAK  CONSUMPTION  KWH  0. 

OFF-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

GENERATED  ELECTRICAL  POWER  KWH  0, 

SOLD  ELECTRICAL  POWER  KWH  0. 

AUXILIARY  FUEL  CONSUMPTION  0. 


DIR.  PROC.  GAS  CONSUME.,  1000  CF  0. 

CHILLER  OPERATING  HOURS 

CHILLER  1  1873 

BOILER  OPERATING  HOURS 

BOILER  1  1507 

BOILER  2  980 

BOILER  3  570 

RECOVERABLE  HEAT  USED,  MBTU  0. 

RECOVERABLE  HEAT  UNUSED,  MBTU  0. 


**  TOTAL  ** 
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DATE  PREPARED 

29 -Apr-91 

SHT  OF 

CHECKED  BY  CEL 

SHIPPING 

Total 

Wt 

Unit 

Wt 

11 

EFFECTIVE  PRICING 

DATE  APR.  91 

DRAWING  NO. 

ESTIMATOR  KC 

TOTAL 

$1,984 

$1 ,984 

$3,968 

$635 

$397 

$5,000 

o 

o 

q 

$6,000 

$330 

$6,330 

MATERIAL 

Cost 

INVITATION  NO./CONTRACT  NO. 

DACA  59 -90 -C -0087 

Unit 

Price 

O 

LU 

O 

O 

O 

EQUIPMENT 

Cost 

X  CODE  B 

OTHER 

Unit 

Price 

< 

UJ 

O 

O 

O 

LABOR 

Cost 

1984 

1984 

$3,968 

$635 

$397 

o 

o 

o 

ID 

o 

o 

q 

o 

o 

o 

<D 

$330 

o 

CO 

CO 

CO 

4 

Unit 

Price 

GO 

0) 

1984 

COST  ESTIMATE  ANALYSIS 

PROJECT  ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER 

LOCATION  FT.  SILL,  OKLAHOMA 

Total 

Hrs 

n 

MH/ 

Unit 

Quantity 

Unit 

Meas 

53 

53 

TOTAL^k  SHEET 

No.  Of 

Units 

16% 

10% 

20% 

5.5% 

CH ILLER  ECO  -3  BLDG.  730 

HIGH  EFFICIENCY  CHILLERS 

TASK  DESCRIPTION 

CHILLER  RENOVATION 

800  TON  CHILLER  MINOR  MAINTENANCE 

300  TON  CHILLER  MINOR  MAINTENANCE 

SUBTOTAL 

OVERHEAD.  BOND 

PROFIT 

COST  SUB-TOTAL 

CONTINGENCY 

SUBTOTAL 

S&A 

5 

I 
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DA  FORM 


LIFE  CYCLE  COST  ANALYSIS  SUMMARY  STUDY;  C730EC3 

ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP)  LCCID  1.035 

INSTALLATION  &  LOCATION:  FT.  SILL,  OKLAHOMA  REGION  NOS.  6  CENSUS:  3 

PROJECT  NO.  &  TITLE:  3002-000  ENERGY  STUDY  ARMY  BOILER/CHILLERS 
FISCAL  YEAR  1991  DISCRETE  PORTION  NAME:  CHILLER  MAINTENANCE 
ANALYSIS  DATE:  04-29-91  ECONOMIC  LIFE  15  YEARS  PREPARED  BY:  KC 


1.  INVESTMENT 

A.  CONSTRUCTION  COST  $ 

B.  SIOH  $ 

C.  DESIGN  COST  $ 

D.  ENERGY  CREDIT  CALC  ( lA+lB+lC) X. 9  $ 

E.  SALVAGE  VALUE  COST  -$ 

F.  TOTAL  INVESTMENT  (ID- IE)  $ 


2.  ENERGY  SAVINGS  (+)  /  COST  (-) 

ANALYSIS  DATE  ANNUAL  SAVINGS,  UNIT  COST  &  DISCOUNTED  SAVINGS 


6000. 

330. 

360. 

6021. 

0. 

6021. 


UNIT  COST  SAVINGS 
FUEL  $/MBTU(l)  MBTU/YR(2) 


A. 

ELECT 

$ 

4.01 

7. 

B. 

DIST 

$ 

.00 

0. 

C. 

RESID 

$ 

.00 

0. 

D. 

NAT  G 

$ 

2.92 

0. 

E. 

COAL 

$ 

.00 

0. 

F. 

TOTAL 

7. 

ANNUAL 

$ 

DISCOUNT 

DISCOUNTED 

SAVINGS 

(3) 

FACTOR(4) 

SAVINGS ( 5 ) 

$ 

27. 

8.78 

241. 

$ 

0. 

12.34 

0. 

$ 

0. 

12.05 

0. 

$ 

0. 

12.48 

0. 

$ 

0. 

10.01 

0. 

$ 

27. 

$  241. 

3.  NON  ENERGY  SAVINGS (+)  /  COST(-) 


A. 


ANNUAL  RECURRING  (+/-) 

(1)  DISCOUNT  FACTOR  (TABLE  A) 

(2)  DISCOUNTED  SAVING/COST  ( 3A  X  3A1) 


9.11 


$ 

$ 


C.  TOTAL  NON  ENERGY  DISCOUNTED  SAVINGS(+)  /COST(-)  (3A2+3Bd4)  $ 


-2528. 

-23030. 

-23030. 


D.  PROJECT  NON  ENERGY  QUALIFICATION  TEST 

(1)  25%  MAX  NON  ENERGY  CALC  (2F5  X  .33)  $  79. 

A  IF  3D1  IS  =  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  =  (2F5+3D1)/1F)=  _ 

C  IF  3D1B  IS  =  >  1  GO  TO  ITEM  4 

D  IF  3D1B  IS  <  1  PROJECT  DOES  NOT  QUALIFY 

4.  FIRST  YEAR  DOLLAR  SAVINGS  2F3+3A+(3BlD/( YEARS  ECONOMIC  LIFE))  $  -2501. 

5.  TOTAL  NET  DISCOUNTED  SAVINGS  (2F5+3C)  $  -22789. 

6.  DISCOUNTED  SAVINGS  RATIO  (SIR)=(5  /  1F)=  -3.78 

(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 

7.  SIMPLE  PAYBACK  PERIOD  (ESTIMATED)  SPB=lF/4  -2.41 
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ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 
FT.  SILL,  OKLAHOMA 


CENTRAL  PLANT:  730 

ENERGY  CONSERVATION  OPPORTUNITY:  ECO-  4 

SYSTEM  MODIFICATION:  INSTALL  ICE  STORAGE  COOLING  SYSTEM 
SYSTEMS  TO  MODIFY: 


CALCULATION  DESCRIPTION: 

Hand  calculation  sheet  was  prepared  to  determine  the  energy  savings  for 
ECO -4,  install  ice  storage  system  for  HVAC  cooiing. 

It  was  estimated  that  the  peak  electrical  demand  can  be  saved  by  installing  ice  storage 
cooling  system. 


ANNUAL  UTILITY  SAVINGS 


PC  CUBE  RUN 

E 

lectric 

Nat.  Gas 
(MMBtu) 

Total  Energy 
(MMBtu) 

Demand(kW1 

Energy(kWh) 

Baseline 

— 

— 

— 

0 

ECO 

— 

— 

— 

0 

Savings  (Baseline -ECOP 

712 

0 

0 

0 

NOTE:  The  savings  for  this  ECO  did  not  consider  any  interreiated  savings  with  other 

ECOs  identified  as  economicaily  feasible. 


ENERGY  COST  SAVINGS: 
Electricity: 

Nat.  Gas: 

Total  Energy  Cost  Savings: 


0  MMBtu/Yr  X 

0  MMBtuA'r  X 

$0  + 


$4.0141  /MMBtu  = 
$2.92/MMBtu  = 

$0 


NON -ENERGY  SAVINGS  (+),  COST  (-): 

Demand:  712kW/monlh  X  $1.787/kW  X 

=  (+)  $15,268  per  year 

Maintenance:  =  (-)  $0  per  year 


Total: 


$15,268 


$0 


$0  per  year 
$0  per  year 
$0  per  year 

12  months/year 


$15,268  per  year 


[ECO-SHT.WK31 
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A  new  application  of  an  old  Idea  that  can 
cut  air  conditioning  energy  costs  in  half. 


Air  conditioning  during  summer  daytime  hours 
is  the  largest  single  contributor  to  utility 
“peak  demand”  charges.  After  noon,  as  more  air 
conditioners  are  needed  to  maintain  comfortable 
temperatures,  the  increased  demand  for  electricity 
adds  to  that  already  created  by  lighting,  operating 
equipment,  computers  and  thousands  of  other 
uses.  This  requires  the  utility  to  bring  additional, 
more  costly  generating  sources  on  line  to  handle 
its  increased  demand.  Commercial  users  whose 
large  air  conditioning  loads  contribute  to  these 
added  generating  requirements  are  assessed  an 
additional  charge  based  on  their  highest  on-peak 
demand  for  electricity. 

An  Ice  Bank  Stored  Cooling  System  is  either  a 
load-shifting  or  load-leveling  method  which  will 
significantly  lower  demand  charges  during  the 
air  conditioning  season  and,  consequently, 
energy  costs.  It  uses  a  standard  packaged  chiller 
to  produce  solid  ice  at  night  during  off-peak 
periods  when  the  building’s  electrical  needs  are 
at  a  minimum.  The  ice  is  built  and  stored  in 
modular  ice  tanks  to  provide  cooling  to  help  meet 
the  building’s  air  conditioning  load  requirement 
the  following  day. 


Making  ice  at  night  and  using  its  stored  energy 
during  the  day  is  not  a  new  or  experimental  idea. 
This  concept  had  been  employed  for  years  in 
cooling  short-peak  applications  such  as  churches 
and  theatres.  However,  longer  peak  uses  were 
served  by  air-source  rooftop  and  chiller-type 
air  conditioners  which  were  less  costly  to  install. 
Now  there  is  renewed  interest  in  a  broad  use  of 
ice-making  systems  by  both  users  and  utilities 
as  the  best  way  to  offset  rising  operating  costs. 

In  fact.  Stored  Cooling  Systems  are  what  summer- 
peaking  utilities  must  have  to  avoid  the  unbearable 
costs  of  new  generating  plants. 

Ice  Banks  not  only  can  cut  operating  costs  in  half 
but  they  can  also  substantially  reduce  capital 
outlays  when  systems  are  suitably  designed  for 
new  commercial  and  industrial  buildings. 
Engineers  can  specify  half-size  chillers  operating 
24  hours  a  day  rather  than  full-size  chillers 
operating  only  10  or  12  hours  per  day.  In  retrofit 
applications,  an  Ice  Bank  Stored  Cooling  System 
can  often  provide  cooling  for  an  addition  to  a 
building  without  adding  chiller  capacity. 


Atlantic  Southern  Properties  Mays  Landing  NJ 
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How  the  LEVLOAD  System  Works 


The  LEVLCAD  Ice  Bank  is  a  modular,  insulated  polyethylene 
tank  containing  a  spiral-wound  plastic  tube  heat  exchanger 
surrounded  with  water.  They  are  available  in  four  sizes -90, 
100, 190  and  570  ton-hours.  At  night,  a  75  percent  water- 
25  percent  glycol  solution  from  a  standard  packaged  air 
conditioning  chilier  circulates  through  the  heat  exchanger 
and  extracts  heat  until  eventually  all  the  water  in  the  tank 
is  frozen  solid.  The  ice  is  built  uniformly  throughout  the  tank 
by  the  patented  temperature-averaging  effect  of  closely 
spaced  counterflow  heat  exchanger  tubes.  Figure  5.  Water 
does  not  become  surrounded  by  ice  during  the  freezing 
process  and  can  move  freely  as  ice  forms,  preventing 
stress  or  damage  to  the  tank. 


Typical  flow  diagrams  for  a  Partial  Storage  System  are 
shown  in  Figures  6  and  7. 

At  night  the  water-glycol  solution  circulates  through  the 
chiller  and  the  Ice  Bank  heat  exchanger,  bypassing  the 
air  handler  coil.  The  fluid  is  at  26F  and  freezes  the  water 
surrounding  the  heat  exchanger. 

During  the  day,  the  solution  is  cooled  by  the  Ice  Bank  from 
52F  to  34F  A  temperature  modulating  valve  set  at  44F  in  a 
bypass  loop  around  the  Ice  Bank  permits  a  sufficient  quantity 
of  52F  fluid  to  bypass  the  Ice  Bank,  mix  with  the  34F  fluid, 
and  achieve  the  desired  44F  temperature.  The  44F  fluid 
enters  the  coil,  where  it  cools  air  from  75F  to  55F.  The  fluid 
leaves  the  coil  at  60F  enters  the  chiller  and  is  cooled  to  52F 

It  should  be  noted  that,  while  making  ice  at  night,  the 
chiller  must  cool  the  water-glycol  solution  to  26F  rather 
than  produce  44  or  45F  water  temperatures  required  for 
conventional  air  conditioning  systems.  This  has  the  effect 
of  “derating”  the  nominal  chiller  capacity  by  approximately 
30  percent.  Compressor  efficiency,  however,  is  only  slightly 
reduced  because  lower  nighttime  temperatures  result  In 
cooler  condenser  water  from  the  cooling  tower  and  help 
keep  the  unit  operating  efficiently.  Similarly,  air  cooled 
chillers  benefit  from  cooler  condenser  entering  air 
temperatures  at  night 

The  temperature  modulating  valve  in  the  bypass  loop  has 
the  added  advantage  of  providing  unlimited  capacity 
control.  During  many  mild  temperature  days  In  the  spring 
and  fall,  the  chiller  will  be  capable  of  providing  all  the 
necessary  cooling  for  the  building  without  assistance  from 
stored  cooling.  When  the  building’s  actual  cooling  load  is 
equal  to  or  lower  than  the  chiller  capacity,  all  of  the  system 
coolant  flows  through  the  bypass  loop,  as  in  Figure  8. 


The  glycol  recommended  for  the  solution  is  an  ethylene 
glycol-based  industrial  coolant  such  as  Dow  Chemical 
Company’s  Dowtherm®  SR-1  or  Union  Carbide  Corporation’s 
UCARTHERMf  which  are  specially  formulated  for  low 
viscosity  and  superior  heat  transfer  properties.  These  contain 
a  multi-component  corrosion  inhibitor  system  which  is 
effective  with  most  materials  of  construction,  including 
aluminum,  copper,  solder  and  plastics.  Unlike  automotive- 
type  anti-freeze,  they  produce  no  films  and  contain  no 
anti-leak  agents  to  interfere  with  heat  transfer  efficiency 
and  permit  use  of  standard  system  pumps,  seals  and  air 
handler  coils.  However,  because  of  the  slight  difference  in 
heat  transfer  coefficient  between  water-glycol  and  plain 
water,  coil  capacity  should  be  increased  by  approximately 
5  percent.  It  is  also  important  that  the  water  and  glycol  be 
thoroughly  mixed  before  the  solution  enters  the  system. 
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LIFE  CYCLE  COST  ANALYSIS  SUMMARY  STUDY:  730EC4 

ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP)  LCCID  1.035 

INSTALLATION  &  LOCATION;  FT.  SILL,  OKLAHOMA  REGION  NOS.  6  CENSUS:  3 

PROJECT  NO.  &  TITLE:  3002-000  ENERGY  STUDY  ARMY  BOILER/CHILLERS 
FISCAL  YEAR  1991  DISCRETE  PORTION  NAME;  ICE  STORAGE  COOLING  SYSTEM 
ANALYSIS  DATE:  04-18-91  ECONOMIC  LIFE  25  YEARS  PREPARED  BY;  KC 


1 .  INVESTMENT 

A.  CONSTRUCTION  COST 

B.  SIOH 

C.  DESIGN  COST 

D.  ENERGY  CREDIT  CALC  (1A+1B+1C)X.9 

E.  SALVAGE  VALUE  COST 

F.  TOTAL  INVESTMENT  (ID-IE) 


$  192000. 

$  10560. 

$  11520. 

$  192672. 

-$  0. 

$  192672. 


2.  ENERGY  SAVINGS  (+)  /  COST  (-) 

ANALYSIS  DATE  ANNUAL  SAVINGS,  UNIT  COST  &  DISCOUNTED  SAVINGS 


UNIT  COST  SAVINGS 


FUEL 

$/MBTU(l) 

MBTU/YR( 

A. 

ELECT 

$  4.01 

0. 

B. 

DIST 

$  .00 

0. 

C. 

RESID 

$  .00 

0. 

D. 

NAT  G 

$  2.92 

0. 

E. 

COAL 

$  .00 

0. 

F, 

TOTAL 

0, 

NON 

ENERGY 

SAVINGS (+) 

/  COST(-) 

A. 

ANNUAL 

RECURRING 

(+/-) 

(1)  DISCOUNT  FACTOR  (TABLE  A) 

(2)  DISCOUNTED  SAVING/COST  (3A 


ANNUAL 

$ 

DISCOUNT 

DISCOUNTED 

SAVINGS ( 3 ) 

FACTOR(4) 

SAVINGS (5) 

$ 

0. 

11.37 

0. 

$ 

0, 

17.06 

0. 

$ 

0. 

16.85 

0. 

$ 

0, 

17.52 

0. 

$ 

0. 

13.34 

0. 

$ 

3A1) 

0. 

11.65 

$  0. 

$  15268. 

$  177872. 

C.  TOTAL  NON  ENERGY  DISCOUNTED  SAVINGS(+)  /COST(-)  (3A2+3Bd4)  $  177872. 


D.  PROJECT  NON  ENERGY  QUALIFICATION  TEST 

(1)  25%  MAX  NON  ENERGY  CALC  (2F5  X  .33)  $  0. 

A  IF  3D1  IS  =  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  =  (2F5+3D1)/1F)=  .00 

C  IF  3D1B  IS  =  >  1  GO  TO  ITEM  4 

D  IF  3D1B  IS  <  1  PROJECT  DOES  NOT  QUALIFY 


4.  FIRST  YEAR  DOLLAR  SAVINGS  2F3+3A+ ( 3B1D/ (YEARS  ECONOMIC  LIFE))  $  15268. 

5.  TOTAL  NET  DISCOUNTED  SAVINGS  (2F5+3C)  $  177872. 

6.  DISCOUNTED  SAVINGS  RATIO  (SIR)=(5  /  1F)=  .92 

(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 

****  Project  does  not  qualify  for  ECIP  funding;  4,5,6  for  information  only. 


7.  SIMPLE  PAYBACK  PERIOD  (ESTIMATED)  SPB=lF/4 


12.62 
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ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 
FT.  SILL,  OKLAHOMA 


CENTRAL  PLANT:  730 

ENERGY  CONSERVATION  OPPORTUNITY:  ECO-  5(A) 

SYSTEM  MODIFICATION:  TWO  SPEED  FANS  FOR  COOLING  TOWER 
SYSTEMS  TO  MODIFY:  COOLING  TOWER 


CALCULATION  DESCRIPTION: 

Two  spread  sheets  are  compared  to  determine  the  energy  savings  for 
ECO-5,  install  two-speed  (5A)  or  variable  speed  (5B)  motors  for  cooling  tower. 

The  spread  sheets  is  a  simulation  of  the  existing  structure,  equipment,  and 

systems,  and  how  they  are  presently  operated.  The  spread  sheets  is  also  a 

simulation  of  the  existing  building  with  modifications  implemented  in  the  systems,  equipment, 

or  the  operation.  The  difference  in  the  totals  from  the  spread  sheets  represents  the  savings. 


ANNUAL  UTILITY  SAVINGS 


PC  CUBE  RUN 

E 

lectric 

Nat.  Gas 
(MMBtu) 

Total  Energy 
fMMBtu) 

Demand(kW) 

Enerqy(kWh) 

Baseline 

— 

32,299 

— 

110 

ECO 

— 

14,858 

— 

51 

Savings  (Baseline -ECO) 

0 

17.441 

0 

60 

NOTE:  The  savings  for  this  ECO  did  not  consider  any  interrelated  savings  with  other 

ECOs  identified  as  economically  feasible. 


ENERGY  COST  SAVINGS: 


Electricity: 

60  MMBtu/Yr 

X  $4.0141  /MMBtu  = 

$239  per  year 

Nat.  Gas: 

0  MMBtuA'r 

X  $2.92 /MMBtu  = 

$0  per  year 

Total  Energy  Cost  Savings: 

$239  +  $0  = 

$239  per  year 

NON-ENERGY  SAVINGS  (+),  COST  (-): 

Demand: 

0  kW/month 

X  $1 .787  /kW  X 

12  months/year 

=  (+) 

$0  per  year 

Maintenance:  =  (-) 

$0  per  year 

Total: 

$0 

$0 

$0  per  year 
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Two-speed  cooling  tower  and  variable  speed  cooling  tower  calculation  description: 


1.  The  design  conditions  were  taken  from  the  original  design  documents,  including  wet 
bulb  temperatures,  condenser  water  flow,  and  condenser  supply  and  return 
temperatures. 

2.  Based  on  an  assumed  liquid  to  gas  ratio,  the  delta  enthalpy  was  calculated  for  entering 
air  versus  leaving  air  conditions.  The  final  total  enthalpy  of  the  leaving  air  was 
calculated  based  on  the  design  entering  air  enthalpy  plus  the  delta  enthalpy. 

3.  The  fan  motor  kW  is  based  on  field  measurements. 

4.  The  "WET  BULB  AVERAGES"  are  the  wet  bulb  temperatures  calculated  for  4  hour  bins, 
for  each  cooling  month,  from  ASHRAE  weather  data  for  Oklahoma  City,  Oklahoma 
(part  1). 

5.  The  "ENTHALPY  FOR  AVERAGE  WET  BULBS"  are  the  enthalpy  for  each  of  the  wet- 
bulb  (part  1.),  determined  from  look-up  tables  (part  2). 

6.  The  "COOLING  PROFILE  OF  CENTRAL  PLANTS,"  is  the  average  %  load  estimated  for 
the  chiller  plant,  for  the  time  bins  (part  3).  Note  there  is  0%  load  for  those  hours  when 
the  chiller  is  assumed  to  be  off. 

The  "PEAK  LOAD"  per  month  is  the  estimated  peak  hourly  load  (part  3,  last  column). 

7.  The  "RATIO  OF  AVERAGE  MONTHLY  ENTHALPY  TO  DESIGN  ENTHALPr  for  time 
bins  (part  4)  = 

(Total  exit  air  design  enthalpy  minus  average  monthly  enthalpy,  part  2)  /  (entering  air 
design  enthalpy) 

The  "DAYS  PER  MONTH  OPER."  is  the  total  days  per  month  the  cooling  tower 
operates  (part  4,  last  columm). 

8.  The  "%  DESIGN  LOAD"  on  tower  for  time  bins  (part  5)  = 

(%  load  on  plant,  part  3  *  monthly  peak  load,  part  3)  /  (  Highest  monthly  peak  load, 
part  3)  *  ( 1  /  ratio  of  monthly  enthalpy,  part  4) 

9.  For  a  single  speed  cooling  tower  fan  the  energy  usage  (kWh)  is  based  on  the  idea  that 
the  tower  fan  cycle  in  direct  proportion  to  the  %  design  load  on  the  tower,  (part  6)  = 

kWh  per  bin  =  (total  fan  power  kW)  *  (%  design  load,  part  5*4  hours  per  bin  *  days 
per  month) 

Total  kWh  =  sum  of  all  kWh  bins 
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10.  For  a  two-speed  cooling  tower  fan  the  energy  usage  (kWh)  is  based  on  the  premise  that 
when  a  tower  cell  is  at  less  than  50%  of  its  design  load,  it  operates  at  half  speed.  A  fan 
running  at  half  speed  uses  14%  of  the  maximum  power  input.  The  calculations  take 
into  account  multi-cell  towers  (part  7).  The  control  sequence  is: 

•  0-25%  load,  fan  1,  half  speed  cycling. 

•  25-50%  load,  fan  1  half  speed  running,  fan  2  half  speed  cycling: 

•  50-75%  load,  fan  1  full  speed  cycling,  fan  2  half  speed  running. 

•  75-100%  load,  fan  1  full  speed  running,  fan  2  full  speed  cycling. 

kWh  per  bin,  for  %  design  loads  less  than  25%  load  =  (fan  1  power  kW)  *  14%  * 
(%  design  load  /  25)  *  4  hours  per  bin  *  days  per  month. 

kWh  per  bin,  for  %  design  loads  25%  to  50%  load  =  (fan  1  power  kW  *  14%  *  4  hours 
per  bin  *  days  per  month  )  *  ( fan  2  power  kW  *  14%  *  ((%  design  load  -25)/  25)*  4 
hours  per  bin  *  days  per  month  ) 

kWh  per  bin,  for  %  design  loads  50%  to  75%  load  =  (fan  2  power  kW  *  14%  *  4  hours 
per  bin  “*■  days  per  month )  *  ( fan  1  power  kW  ((%  design  load  -  50  )/  25)  *  4  hours 
per  bin  *  days  per  month  ) 

kWh  per  bin,  for  %  design  loads  75%  to  100%  load  =  (  fan  1  power  kW  *  4  hours  per 
bin  *  days  per  month  )  +  ( fan  2  power  kW  *  ((%  design  load  -  75 )/  25)  *  4  hours  per 
bin  *  days  per  month  ) 

kWh  total  =  sum  of  all  kWh  bins 


11.  For  a  variable  speed  cooling  tower  fan  the  energy  usage  (kWh)  is  based  on  the  premise 
that  the  tower  fan  percent  air  volume  is  directly  proportional  to  the  percent  load  on  the 
cooling  tower;  and  the  fan  energy  is  proportational  to  the  cube  of  the  air  volume.  The 
calculations  take  into  accoimt  multi-cell  towers  (part  8): 

kWh  per  bin,  for  0  to  100%  load  =  ( total  fan  power  kW)  *  ((%  design  load)^  /  80% 
efficiency  )  *  4  hours  per  bin  *  days  per  month. 

kWh  total  =  sum  of  all  kWh  bins 
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CENTRAl  PLANT  730 

DESIGN  CONDITIONS 

-  WBT  (DB.  DEG  R 

77 

-WATER  FLOW  (qpm) 

2600 

-  CNWR  (DEG  R 

95 

-  CNWS  (DEG  R 

85 

ASSUMPTION  LIQUID  TO  GAS  RATIO 

2 

-  AIR  FLOW  (LBS/MIN) 

10790 

HEAT  REJECTION  CAPACITY  (Btu/min) 

215800 

DELTA  ENTHALPY  (Btu/lb) 

20 

DESIGN  ENTHALPY  (Btu/lb) 

40.57 

TOTAL  ENTHALPY 

60.57 

EXIT  AIR  WB  (LOOK  UP) 

93.2 

SPECIFIC  VOLUME  OF  EXIT  AIR  (LOOK  UP) 

15.1 

100%  DESIGN  CFM  @  WB 

162929 

MOTOR  DATA 

-  FAN  1  POWER  (kW) 

23 

-  FAN  2  POWER  (kW) 

23 

ASHRAE  WEATHER  DATA  -  OKLAHOMA  CITY,  OKLAHOMA 

WET- BULB  AVERAGES  ( 

4  hour  bins)  I 

DESIGN 

m 

1-4 

5-8 

9-12 

13-16 

17-20 

1 

CM 

APRIL 

48.6 

47.8 

52.2 

55.6 

54.6 

51.4 

77 

MAY 

57.1 

56.6 

61.2 

63.9 

63 

59.4 

77 

JUNE 

66.8 

66.6 

69.9 

71 

70.5 

68.2 

77 

JULY 

70.8 

70.9 

74.5 

76 

74.9 

72.6 

77 

AUGUST 

66.9 

67 

71 

72 

71 

68.5 

77 

SEPTEMBER 

65.1 

64.9 

67.8 

68.9 

67.4 

65.6 

77 

OCTOBER 

51.2 

50.4 

55.1 

57.5 

55.2 

52.5 

77 

1 

ENTHALPY  FOR  AVERAG 

E  WET-BULBS 

DESIGN 

ENTHALPY 

1-4 

5-8 

9-12 

13-16 

17-20 

21-24 

APRIL 

19.64 

19.11 

21.55 

23.58 

22.98 

21.09 

40.57 

MAY 

24.53 

24.21 

27.28 

29.23 

28.57 

26.06 

40.57 

JUNE 

31.47 

31.31 

34.01 

34.95 

34.51 

32.59 

40.57 

JULY 

34.77 

34.86 

38.14 

39.57 

38.52 

36.37 

40.57 

AUGUST 

31.54 

31.62 

34.95 

35.83 

34.95 

32.84 

40.57 

SEPTEMBER 

30.13 

29.98 

32.25 

33.09 

31.93 

30.52 

40.57 

OCTOBER 

20.98 

20.53 

23.28 

24.72 

23.34 

21.72 

40.57 
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PEAK 

LOAD 

COOLING  PROFILE  OF  C 

ENTRAL  PLANTS 

1-4 

5-8 

9-12 

13-16 

17-20 

21-24 

(Btuh) 

APRIL 

0 

0.8 

0.5 

0.4 

0 

0 

992000 

MAY 

0 

0.9 

0.6 

0.8 

0 

0 

4312000 

JUNE 

0 

0.9 

0.6 

0.8 

0 

0 

11526000 

JULY 

0 

0.9 

0.6 

0.8 

0 

0 

11526000 

AUGUST 

0 

0.9 

0.6 

0.8 

0 

0 

11526000 

SEPTEMBER 

0 

0.9 

0.6 

0.8 

0 

d 

11526000 

OCTOBER 

0 

0.8 

0.5 

0.4 

0 

0 

2244000 

RATIO  OF  MONTHLY  ENI 

FHALPYTO  DESIGN  ENTHALPY 

DAYS  PER 

MONTH  OPER. 

1-4 

5-8 

9-12 

13-16 

17-20 

21-24 

APRIL 

2.0 

2.1 

2.0 

1.8 

1.9 

2.0 

22 

MAY 

1.8 

1.8 

1.7 

1.6 

1.6 

1.7 

23 

JUNE 

1.5 

1.5 

1.3 

1.3 

1.3 

_ AA 

22 

JULY 

1.3 

1.3 

1.1 

1.1 

1.1 

1.2 

23 

AUGUST 

1.5^ 

1.4 

1.3 

1.2 

1.3 

23 

SEPTEMBER 

1.5 

1.5 

1.4 

1.4 

1.^ 

1.5 

22 

OCTOBER 

2.0 

2.0 

1.9 

1.8 

1.9 

1.9 

23 

%  DESIGN  LOAD  _ _ _ 

DAYS  PER 
MONTH  OPER. 

1-4 

5-8 

9-12 

13-16 

17-20 

21-24 

APRIL 

0.0 

3.3 

2.2 

1.9 

0.0 

0.0 

22 

MAY 

0.0 

18.5 

13.5 

19.1 

0.0 

0.0 

23 

JUNE 

0.0 

61.5 

45.2 

62.5 

0.0 

0.0 

22 

JULY 

0.0 

70.0^ 

53.5 

76.2 

0.0 

0.0 

23 

AUGUST 

0.0 

62.2 

46.8 

64.7] 

d.o 

0.0 

23 

SEPTEMBER 

0.0 

58.8 

42.4 

58.2 

o.dl 

0.0 

22 

OCTOBER 

o.d 

7.8 

5.2 

4.3 

0.0 

d.o 

23 

SINGLE  SPE 

ED  COOLING  TOWER  CYCLING  (kWh] 

TOTAL 

(kWh) 

1-4 

5-8 

9-12 

13-16 

17-20 

21-24 

APRIL 

0 

134 

89 

75 

0 

0 

MAY 

0 

784 

571 

808 

0 

0 

JUNE 

0 

2490 

1829 

2528 

0 

0 

JULY 

0 

2963 

2264 

3224 

0 

0 

AUGUST 

0 

2631 

198^ 

2737 

0 

0 

SEPTEMBER 

d 

2382 

1715 

2357 

0 

0 

OCTOBER 

0 

329 

221 

184 

d 

0 

TOTAL 

0 

11714 

8671 

11914 

0 

0 

32299 
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TWO  SPEED  COOLING  TOWER  CYCLING  (kWh) 
5-8  I  9-12  1  13-16  I  17-20^ 


21-24 


TOTAL 

(kWh) 


APRIL 


38 


25 


21 


MAY 


219 


160 


226 


JUNE 


1216 


JULY 


0 


1990 


AUGUST 


1327 


SEPTEMBER 


999 


OCTOBER 


0 


92 


TOTAL 


5801 


512 


1291 


592 


2513 


555 


1538 


480 


949 


62 


2387 


_ ^ 

6591 


F  RPPED  COOLING  TOWER  CYCLING  (kWh) 


APRIL 


MAY 


JUNE 


JULY 


AUGUST 


SEPTEMBER 


OCTOBER 


TOTAL 


1-4 


5-8 


34 


1178 


1815 


1272 


1031 


9-12 


13 


467 


810 


544 


385 


5332 


2219 


13-16 


37 


1232 


2340 


1431 


999 


17-20 


21-24 


14858 


6039 


TOTAL 

(kWh) 


13590 


o 

UJ 

oc 

< 

Q. 

LU 

OC 

Q. 

UJ 

f- 

< 

o 


5  5: 

.0  $ 


C5 

z 

u 

cc 

Q. 

Ui 

> 

I— 

o 

UJ 


o 

z 

H 

o 

< 

oc 

J~ 

z 

o 

o 


> 

z 


cc 

UJ  UJ 

9  ^ 

O  K 

o  o 


CO 

§ 

< 

z 

< 

UJ 

5 

s 

CO 

LU 

H 

CO 

o 

o 


■£  .9 

3  i 


^  2 
2  I 


i  I 


~  (TJ 

5  i 


O  B 


D-730-30 


LIFE  CYCLE  COST  ANALYSIS  SUMMARY  STUDY:  730EC5A 

ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP)  LCCID  1.035 

INSTALLATION  &  LOCATION:  FT.  SILL,  OKLAHOMA  REGION  NOS.  6  CENSUS:  3 
PROJECT  NO.  &  TITLE:  3002-000  ENERGY  STUDY  ARMY  BOILER/CHILLERS 
FISCAL  YEAR  1991  DISCRETE  PORTION  NAME:  TWO  SPEED  COOLING  TOWER 
ANALYSIS  DATE:  04-11-91  ECONOMIC  LIFE  25  YEARS  PREPARED  BY:  KC 


INVESTMENT 

A.  CONSTRUCTION  COST 

$ 

14114. 

B.  SIOH 

$ 

777. 

C,  DESIGN  COST 

$ 

847. 

D.  ENERGY  CREDIT  CALC  ( lA+lB+lC ) X. 9 

$ 

14164. 

E.  SALVAGE  VALUE  COST 

-$ 

0. 

F.  TOTAL  INVESTMENT  (ID-lE) 

$ 

14164. 

2.  ENERGY  SAVINGS  (+)  /  COST  (-) 

ANALYSIS  DATE  ANNUAL  SAVINGS,  UNIT  COST  &  DISCOUNTED  SAVINGS 


UNIT  COST 

SAVINGS 

ANNUAL  $ 

DISCOUNT 

DISCOUNTED 

FUEL 

$/MBTU ( 1 ) 

MBTU/YR(2) 

SAVINGS ( 3 ) 

FACTOR(4) 

SAVINGS ( 5 ) 

A. 

ELECT 

$  4.01 

60. 

$ 

239, 

11.37 

2717. 

B. 

DIST 

$  .00 

0. 

$ 

0. 

17.06 

0. 

C. 

RESID 

$  .00 

0. 

$ 

0. 

16.85 

0. 

D. 

NAT  G 

$  2.92 

0. 

$ 

0. 

17.52 

0. 

E. 

COAL 

$  .00 

0. 

$ 

0. 

13.34 

0. 

F. 

TOTAL 

60. 

$ 

239. 

$  2717. 

NON 

ENERGY 

SAVINGS (+)  / 

COST(--) 

A. 

ANNUAL 

RECURRING  (+/ 

$  0. 

(1)  DISCOUNT  FACTOR 

(TABLE  A) 

11.65 

(2)  DISCOUNTED  SAVING/COST  (3A  X 

3A1) 

$  0. 

C.  TOTAL  NON  ENERGY  DISCOUNTED  SAVINGS(+)  /COST(-)  (3A2+3Bd4)  $  0. 


D.  PROJECT  NON  ENERGY  QUALIFICATION  TEST 

(1)  25%  MAX  NON  ENERGY  CALC  (2F5  X  .33)  $  897. 

A  IF  3D1  IS  =  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  =  ( 2F5+3D1 ) /IF) =  _ 

C  IF  3D1B  IS  =  >  1  GO  TO  ITEM  4 

D  IF  3D1B  IS  <  1  PROJECT  DOES  NOT  QUALIFY 

4.  FIRST  YEAR  DOLLAR  SAVINGS  2F3+3A+(3B1D/ (YEARS  ECONOMIC  LIFE))  $  239. 

5.  TOTAL  NET  DISCOUNTED  SAVINGS  (2F5+3C)  $  2717. 

6.  DISCOUNTED  SAVINGS  RATIO  (SIR)=(5  /  1F)=  .19 

(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 

7.  SIMPLE  PAYBACK  PERIOD  (ESTIMATED)  SPB=lF/4  59.27 
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ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 
FT.  SILL,  OKLAHOMA 

CENTRAL  PLANT:  730 

ENERGY  CONSERVATION  OPPORTUNITY:  ECO-  5(B) 

SYSTEM  MODIFICATION:  VARIABLE  SPEED  DRIVE  FOR  COOLING  TOWER 
SYSTEMS  TO  MODIFY:  COOLING  TOWER 


CALCULATION  DESCRIPTION: 

Two  PC-CUBE  program  computer  runs  are  compared  to  determine  the  energy  savings  for 
ECO-5,  install  two-speed  (5A)  or  variable  speed  (5B)  motors  for  cooling  tower. 

The  first  computer  run  (Baseline)  is  a  simulation  of  the  existing  structure,  equipment,  and 
systems,  and  how  they  are  presently  operated.  The  second  computer  run  (ECO)  is  also  a 
simulation  of  the  existing  building  with  modifications  implemented  in  the  systems,  equipment, 
or  the  operation.  The  difference  in  the  totals  from  the  two  computer  runs  represents  the  savings. 


ANNUAL  UTILITY  SAVINGS 


Electric 

Nat.  Gas 

Total  Energy 

PC  CUBE  RUN 

Demand(kW) 

Enerav(kWh) 

(MMBtu) 

(MMBtu) 

Baseline 

— 

32,299 

— 

110 

ECO 

— 

13,590 

— 

46 

Savinas  (Baseline -ECO) 

0 

18.709 

0 

64 

NOTE:  The  savings  for  this  ECO  did  not  consider  any  interrelated  savings  with  other 

ECOs  identified  as  economically  feasible. 


ENERGY  COST  SAVINGS: 


Electricity:  64  MMBtu/Yr  X 

Nat.  Gas:  0  MMBtuA'r  X 

Total  Energy  Cost  Savings:  $256  + 

NON -ENERGY  SAVINGS  (+),  COST  (-): 

Demand:  0  kW/month  X 


$4.0141  /MMBtu  = 
$2.92/MMBtu  = 

$0 

$1.787/kW  X 


=  (+) 

$0  per  year 

Maintenance: 

=  (-) 

$579  per  year 

Total: 

$0 

$579 

= 

$256  per  year 
$0  per  year 
$256  per  year 

12  months/year 


($579)per  year 
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Two-speed  cooling  tower  and  variable  speed  cooling  tower  calculation  description: 


1.  The  design  conditions  were  taken  from  the  original  design  documents,  including  wet 
bulb  temperatures,  condenser  water  flow,  and  condenser  supply  and  return 
temperatures. 

2.  Based  on  an  assumed  liquid  to  gas  ratio,  the  delta  enthalpy  was  calculated  for  entering 
air  versus  leaving  air  conditions.  The  final  total  enthalpy  of  the  leaving  air  was 
calculated  based  on  the  design  entering  air  enthalpy  plus  the  delta  enthalpy. 

3.  The  fan  motor  kW  is  based  on  field  measurements. 

4.  The  "WET  BULB  AVERAGES"  are  the  wet  bulb  temperatures  calculated  for  4  hour  bins, 
for  each  cooling  month,  from  ASHRAE  weather  data  for  Oklahoma  City,  Oklahoma 
(part  1). 

5.  The  "ENTHALPY  FOR  AVERAGE  WET  BULBS"  are  the  enthalpy  for  each  of  the  wet- 
bulb  (part  1.),  determined  from  look-up  tables  (part  2). 

6.  The  "COOLING  PROFILE  OF  CENTRAL  PLANTS,"  is  the  average  %  load  estimated  for 
the  chiller  plant,  for  the  time  bins  (part  3).  Note  there  is  0%  load  for  those  hours  when 
the  chiller  is  assumed  to  be  off. 

The  "PEAK  LOAD"  per  month  is  the  estimated  peak  hourly  load  (part  3,  last  column). 

7.  The  "RATIO  OF  AVERAGE  MONTHLY  ENTHALPY  TO  DESIGN  ENTHALPY"  for  time 
bins  (part  4)  = 

(Total  exit  air  design  enthalpy  minus  average  monthly  enthalpy,  part  2)  /  (entering  air 
design  enthalpy) 

The  "DAYS  PER  MONTH  OPER."  is  the  total  days  per  month  the  cooling  tower 
operates  (part  4,  last  columm). 

8.  The  "%  DESIGN  LOAD"  on  tower  for  time  bins  (part  5)  = 

(%  load  on  plant,  part  3  *  monthly  peak  load,  part  3)  /  (  Highest  monthly  peak  load, 
part  3)  *  ( 1  /  ratio  of  monthly  enthalpy,  part  4) 

9.  For  a  single  speed  cooling  tower  fan  the  energy  usage  (kWh)  is  based  on  the  idea  that 
the  tower  fan  cycle  in  direct  proportion  to  the  %  design  load  on  the  tower,  (part  6)  = 

kWh  per  bin  =  (total  fan  power  kW)  *  (%  design  load,  part  5*4  hours  per  bin  *  days 
per  month) 

Total  kWh  =  sum  of  all  kWh  bins 
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10.  For  a  two-speed  cooling  tower  fan  the  energy  usage  (kWh)  is  based  on  the  premise  that 
when  a  tower  cell  is  at  less  than  50%  of  its  design  load,  it  operates  at  half  speed.  A  fan 
running  at  half  speed  uses  14%  of  the  maximum  power  input.  The  calculations  take 
into  account  multi-cell  towers  (part  7).  The  control  sequence  is: 

•  0-25%  load,  fan  1,  half  speed  cycling. 

•  25-50%  load,  fan  1  half  speed  running,  fan  2  half  speed  cycling: 

•  50-75%  load,  fan  1  fuU  speed  cycling,  fan  2  half  speed  running. 

•  75-100%  load,  fan  1  full  speed  running,  fan  2  full  speed  cycling. 

kWh  per  bin,  for  %  design  loads  less  than  25%  load  =  (fan  1  power  kW)  *  14%  * 
(%design  load  /  25)  *  4  hours  per  bin  *  days  per  month. 

kWh  per  bin,  for  %  design  loads  25%  to  50%  toad  =  (fan  1  power  kW  *  14%  *  4  hours 
per  bin  *  days  per  month  )  *  (  fan  2  power  kW  *  14%  *  ((%  design  load  -  25  )/  25)*  4 
hours  per  bin  *  days  per  month  ) 

kWh  per  bin,  for  %  design  loads  50%  to  75%  load  =  (fan  2  power  kW  *  14%  *  4  hours 
per  bin  *  days  per  month  )  *  (  fan  1  power  kW  *  ((%  design  load  -  50  )/  25)  *  4  hours 
per  bin  *  days  per  month  ) 

kWh  per  bin,  for  %  design  loads  75%  to  100%  load  =  (  fan  1  power  kW  *  4  hours  per 
bin  *  days  per  month  )  +  (  fan  2  power  kW  *  ((%  design  load  -  75 )/  25)  *  4  hours  per 
bin  *  days  per  month  ) 

kWh  total  =  sum  of  all  kWh  bins 


11.  For  a  variable  speed  cooling  tower  fan  the  energy  usage  (kWh)  is  based  on  the  premise 
that  the  tower  fan  percent  air  volume  is  directly  proportional  to  the  percent  load  on  the 
cooling  tower;  and  the  fan  energy  is  proportational  to  the  cube  of  the  air  volume.  The 
calculations  take  into  account  m^ti-cell  towers  (part  8): 

kWh  per  bin,  for  0  to  100%  load  =  ( total  fan  power  kW)  *  ((%  design  load)^  /  80% 
efficiency  )  *  4  hours  per  bin  *  days  per  month. 

kWh  total  =  sum  of  all  kWh  bins 
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CENTRAL  PLANT  730 

DESIGN  CONDITIONS 

-  WBT  (DB,  DEG  R 

77 

-  WATER  FLOW  (Qpm) 

2600 

-  CNWR  (DEG  F) 

95 

-  CNWS  (DEG  F) 

85 

ASSUMPTION  LIQUID  TO  GAS  RATIO 

2 

-  AIR  FLOW  (LBS/MIN) 

10790 

HEAT  REJECTION  CAPACITY  (Btu/min) 

215800 

DELTA  ENTHALPY  (Btu/lb) 

20 

DESIGN  ENTHALPY  (Btu/lb) 

40.57 

TOTAL  ENTHALPY 

60.57 

EXIT AIRWB  (LOOKUP) 

93.2 

SPECIFIC  VOLUME  OF  EXIT  AIR  (LOOK  UP) 

15.1 

100%  DESIGN  CFM  @  WB 

162929 

MOTOR  DATA 

-  FAN  1  POWER  (kW) 

23 

-  FAN  2  POWER  (kW) 

23 

ASHRAE  WEATHER  DATA  -  OKLAHOMA  CITY,  OKLAHOMA 

WET-BULB  AVERAGES  ( 

4  hour  bins) 

DESIGN 

WB 

1-4 

5-8 

9-12 

13-16 

17-20 

21  -24 

APRIL 

48.6 

47.8 

52.2 

55.6 

54.6 

51.4 

77 

MAY 

57.1 

56.6 

61.2 

63.9 

63 

59.4 

77 

JUNE 

66.8 

66.6 

69.9 

71 

70.5 

68.2 

77 

JULY 

70.8 

70.9 

74.5 

76 

74.9 

72.6 

77 

AUGUST 

66.9 

67 

71 

72 

71 

68.5 

77 

SEPTEMBER 

65.1 

64.9 

67.8 

68.9 

67.4 

65.6 

77 

OCTOBER 

51.2 

50.4 

55.1 

57.5 

55.2 

52.5 

77 

ENTHALPY  FOR  AVERAGE  WET-BULBS 

DESIGN 

ENTHALPY 

1-4 

5-8 

9-12 

13-16 

17-20 

21-24 

APRIL 

19.64 

19.11 

21.55 

23.58 

22.98 

21.09 

40.57 

MAY 

24.53 

24.21 

27.28 

29.23 

28.57 

26.06 

40.57 

JUNE 

31.47 

31.31 

34.01 

34.95 

34.51 

32.59 

40.57 

JULY 

34.77 

34.86 

38.14 

39.57 

38.52 

36.37 

40.57 

AUGUST 

31.54 

31.62 

34.95 

35.83 

34.95 

32.84 

40.57 

SEPTEMBER 

30.13 

29.98 

32.25 

33.09 

31.93 

30.52 

40.57 

OCTOBER 

20.98 

20.53 

23.28 

24.72 

23.34 

21.72 

40.57 
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PEAK 

LOAD 

COOLING  PROFILE  OF  C 

ENTRAL  PLANTS 

1-4 

5-8 

9-12 

13-16 

17-20 

21-24 

(Btuh) 

APRIL 

0 

0.8 

0.5 

0.4 

0 

0 

992000 

MAY 

0 

0.9 

0.6 

0.8 

0 

0 

4312000 

JUNE 

0 

0.9 

0.6 

0.8 

0 

0 

11526000 

JULY 

0 

0.9 

0.6 

0.8 

0 

0 

11526000 

AUGUST 

0 

0.9 

0.6 

0.8 

0 

0 

11526000 

SEPTEMBER 

0 

0.9 

0.6 

0.8 

0 

0 

11526000 

OCTOBER 

0 

0.8 

0.5 

0.4 

0 

0 

2244000 

RATIO  OF  MONTHLY  ENl 

rHALPYTO  DESIGN  ENTHALPY 

DAYS  PER 
MONTH  OPER. 

1-4 

5-8 

9-12 

13-16 

17-20 

21-24 

APRIL 

2.0 

2.1 

2.0 

1.8 

1.9 

2.0 

22 

MAY 

1.8 

1.8 

1.7 

1.6 

1.6 

1.7 

23 

JUNE 

1.5 

1.5 

1.3 

1,3 

1.3 

_ lA 

22 

JULY 

1.3 

1.3 

1.1 

1.1 

1.1 

1.2 

23 

AUGUST 

1.5 

1.4 

1.3 

1.2 

1.3 

1.4 

23 

SEPTEMBER 

1.5 

1.5 

1.4 

1.4 

1.4 

1.5 

22 

OCTOBER 

2.0 

2.0 

1.9 

1.8 

1.9 

1.9 

23 

1  %  DESIGN  LOAD 

DAYS  PER 

MONTH  OPER. 

1-4 

5-8 

9-12 

13-16 

17-20 

21-24 

APRIL 

0.0 

3.3 

2.2 

1.9 

0.0 

0.0 

22 

MAY 

0.0 

18.5 

13.5 

19.1 

0.0 

0.0 

23 

JUNE 

0.0 

61.5 

45.2 

62.5 

0.0 

0.0 

22 

JULY 

0.0 

70.0 

53.5 

76.2 

0.0 

0.0 

23 

AUGUST 

0.0 

62.2 

46.8 

64.7 

0.0 

0.0 

23 

SEPTEMBER 

0.0 

58.8 

42.4 

58.2 

0.0 

0.0 

22 

OCTOBER 

0.0 

7.8 

5.2 

4.3 

0.0 

0.0 

23 

SINGLE  SPE 

ED  COOLING  TOWER  CYCLING  (kWh' 

_ 

TOTAL 

(kWh) 

1-4 

5-8 

9-12 

13-16 

17-20 

21-24 

APRIL 

0 

134 

89 

75 

0 

0 

MAY 

0 

784 

571 

808 

0 

0 

JUNE 

0 

2490 

1829 

2528 

0 

0 

JULY 

0 

2963 

2264 

3224 

0 

0 

AUGUST 

0 

2631 

1982 

2737 

0 

0 

SEPTEMBER 

0 

2382 

1715 

2357 

0 

0 

OCTOBER 

0 

329 

221 

184 

0 

0 

TOTAL 

0 

11714 

8671 

11914 

0 

0 

32299 

i 

I 
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TWO  SPEED  COOLING  TOWER  CYCLING  (kWh)  1 

1-4 

5-8 

9-12 

13-16 

17-20 

21-24 

APRIL 

0 

38 

25 

21 

0 

0 

MAY 

0 

219 

160 

226 

0 

0 

JUNE 

0 

1216 

512 

1291 

0 

0 

JULY 

0 

1990 

592 

2513 

0 

AUGUST 

0 

1327 

555 

1538 

0 

SEPTEMBER 

0 

999 

480 

949 

0 

OCTOBER 

0 

92 

62 

51 

0 

TOTAL 

0 

5881 

2387 

6591 

0 

0 

14858 

VARIABLE  S 

PEED  COOLI 

NG  TOWER  CYCLING  (kWh) 

1-4 

5-8 

9-12 

13-16 

17-20 

21-24 

APRIL 

0 

0 

0 

0 

0 

0 

MAY 

0 

34 

13 

37 

0 

0 

JUNE 

0 

1178 

467 

1232 

0 

0 

JULY 

0 

1815 

810 

2340 

0 

0 

AUGUST 

0 

1272 

544 

1431 

0 

0 

SEPTEMBER 

0 

1031 

385 

999 

0 

OCTOBER 

0 

2 

1 

0 

0 

TOTAL 

0 

5332 

2219 

6039 

0 
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LIFE  CYCLE  COST  ANALYSIS  SUMMARY  STUDY:  730EC5B 

ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP)  LCCID  1.035 

INSTALLATION  &  LOCATION;  FT.  SILL,  OKLAHOMA  REGION  NOS.  6  CENSUS:  3 

PROJECT  NO.  &  TITLE:  3002-000  ENERGY  STUDY  ARMY  BOILER/ CHILLERS 
FISCAL  YEAR  1991  DISCRETE  PORTION  NAME:  VARIABLE  SPEED  COOLING  TOWER 
ANALYSIS  DATE:  04-11-91  ECONOMIC  LIFE  25  YEARS  PREPARED  BY:  KC 


1.  INVESTMENT 

A.  CONSTRUCTION  COST 

B.  SIOH 

C.  DESIGN  COST 

D.  ENERGY  CREDIT  CALC  ( 1A+1B+1C)X.9 

E.  SALVAGE  VALUE  COST 

F.  TOTAL  INVESTMENT  (ID-IE) 


$ 

$ 

$ 

$ 

-$ 

$ 


2.  ENERGY  SAVINGS  (+)  /  COST  (-) 

ANALYSIS  DATE  ANNUAL  SAVINGS,  UNIT  COST  &  DISCOUNTED  SAVINGS 


9649. 

531. 

579. 

9683. 

0. 

9683. 


UNIT  COST 

SAVINGS 

ANNUAL  $ 

DISCOUNT 

DISCOUNTED 

FUEL 

$/MBTU(l) 

MBTU/YR(2) 

SAVINGS ( 3 ) 

FACTOR(4) 

SAVINGS ( 5 ) 

A, 

ELECT 

$  4.01 

64. 

$ 

256. 

11.37 

2914. 

B. 

DIST 

$  .00 

0. 

$ 

0. 

17.06 

0. 

C. 

RESID 

$  .00 

0. 

$ 

0. 

16.85 

0. 

D. 

NAT  G 

$  2.92 

0. 

$ 

0. 

17.52 

0. 

E. 

COAL 

$  .00 

0. 

$ 

0. 

13.34 

0. 

F. 

TOTAL 

64. 

$ 

256. 

$  2914. 

NON 

ENERGY 

SAVINGS (+)  / 

COST(-) 

A. 

ANNUAL 

RECURRING  (+/ 

-) 

$  -579. 

(1)  DISCOUNT  FACTOR 

(TABLE  A) 

11.65 

(2)  DISCOUNTED  SAVING/COST  ( 3A  X 

3A1) 

$  -6745. 

C.  TOTAL  NON  ENERGY  DISCOUNTED  SAVINGS (+)  /COST(-)  (3A2+3Bd4)  $  -6745. 


D.  PROJECT  NON  ENERGY  QUALIFICATION  TEST 

(1)  25%  MAX  NON  ENERGY  CALC  (2F5  X  .33)  $  962. 

A  IF  3D1  IS  =  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  =  (2F5+3D1)/1F)=  _ 

C  IF  3D1B  IS  =  >  1  GO  TO  ITEM  4 

D  IF  3D1B  IS  <  1  PROJECT  DOES  NOT  QUALIFY 

4.  FIRST  YEAR  DOLLAR  SAVINGS  2F3+3A+ ( 3B1D/ (YEARS  ECONOMIC  LIFE))  $  -323. 

5.  TOTAL  NET  DISCOUNTED  SAVINGS  (2F5+3C)  $  -3831. 

6.  DISCOUNTED  SAVINGS  RATIO  (SIR)=(5  /  1F)=  -.40 

(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 

7.  SIMPLE  PAYBACK  PERIOD  (ESTIMATED)  SPB=lF/4  -30.01 
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ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 
FT.  SILL.  OKLAHOMA 


CENTRAL  PLANT:  730 

ENERGY  CONSERVATION  OPPORTUNITY:  ECO-  6 

SYSTEM  MODIFICATION:  HIGH  EFFICIENCY  MOTOR  REPLACEMENT 
SYSTEMS  TO  MODIFY:  PUMP  &  COOLING  TOWER  MOTORS 


CALCULATION  DESCRIPTION: 

Analysis  spread  sheet  was  prepared  to  determine  the  energy  savings  for 
ECO -6,  install  high  efficiency  motors. 

It  was  estimated  that  the  electrical  energy  can  be  saved  by  installing  high  efficiency 
motors  based  on  the  motor  operating  hours  per  year. 


ANNUAL  UTILITY  SAVINGS 


Electric 

Nat.  Gas 

Total  Energy 

PC  CUBE  RUN 

Demand(kW) 

Energy(kWh) 

(MMBtu) 

(MMBtu) 

Baseline 

— 

— 

— 

0 

ECO 

— 

— 

— 

0 

Savinas  (Baseline-ECO) 

41 

85.430 

0 

292 

NOTE:  The  savings  for  this  ECO  did  not  consider  any  interrelated  savings  with  other 

ECOs  identified  as  economically  feasible. 


ENERGY  COST  SAVINGS: 


Electricity: 

292  MMBtu/Yr 

X 

$4.0141  /MMBtu  = 

$1,170  per  year 

Nat.  Gas: 

0  MMBtu/Yr 

X 

$2.92 /MMBtu  = 

$0  per  year 

Total  Energy  Cost  Savings: 

$1,170 

+ 

$0 

$1,170  per  year 

NON -ENERGY  SAVINGS  (+),  COST  (-): 

Demand: 

41  kW/month 

X 

$1.787/kW  X 

12  months/year 

=  (+) 

$879 

per  year 

Maintenance:  =  (-) 

$0 

per  year 

Total: 


$879 


$0 


$879  per  year 


rECO-SHT.WK31 


D-730-40 


HIGH  EFFICIENCY 
MOTOR  REPLACEMENT 


LABOR  RATE: 

19.6  $/hr 

ELECTRIC  CONS. 

0.0137  $/kWH 

ELECTRIC  DEMAND 

1.787  $/kW 

BLDG. 

NO. 

EQUIPMENT 

SERVE 

MOTOR 

HP 

MOTOR 

FLA 

MEAS 

AMPS 

MEAS 

PF 

MEAS 

VOLT 

EXST 

EFF 

NEW 

EFF 

KW 

SVQS 

HRS/ 

YEAR 

KWH/YR 

SVGS 

SVGS/ 

YEAR 

730 

CWP-1 

150.0 

179.0 

147.0 

0.87 

460 

90.19% 

95.00% 

5.73 

2841 

15120 

$330 

CWP-2 

150.0 

179.0 

148.0 

0.91 

460 

86.22% 

95.00% 

11.50 

1873 

21539 

$542 

CNWP-1 

50.0 

118.0 

107.0 

0.98 

230 

80.97% 

93.00% 

6.67 

2641 

17629 

$385 

CNWP-2 

50.0 

118.0 

107.0 

0.99 

230 

80.15% 

93.00% 

7.27 

468 

3405 

$203 

CNWP-3 

Nl 

Nl 

Nl 

CTM~1 

30.0 

71 .4 

70.7 

0.93 

230 

84,60% 

92.40% 

2.61 

702 

1834 

$81 

CTM-2 

30.0 

71 .4 

71 .0 

0.87 

230 

90.44% 

92.40% 

0.58 

702 

405 

$18 

HWP-1 

50.0 

125.0 

117.5 

0.87 

230 

86.10% 

93.00% 

3.51 

3624 

12722 

$250 

HWP-2 

50.0 

125.0 

118.0 

0.87 

230 

86.10% 

93.00% 

3.53 

3624 

12776 

$251 

DEMAND  CREDIT 

$888 

MMBtu 

292 

TOTAL 

41 

85430 

$2,058 

914 

CWP-1 

40.0 

48.0 

41.3 

0.87 

460 

89.69% 

93.00% 

1.14 

3672 

4178 

$82 

CNWP-1 

15.0 

19.0 

14.4 

0.82 

460 

90.15% 

90.20% 

0.01 

3672 

23 

$0 

CTM-1 

10,0 

15.0 

12.0 

0.82 

460 

76.12% 

89.50% 

1.54 

416 

640 

$42 

CTM-2 

10.0 

15.0 

12.0 

0.82 

460 

76.12% 

89.50% 

1.54 

416 

640 

$42 

HWP-1 

2.0 

6.2 

5.4 

0.87 

230 

69.43% 

84.00% 

0.47 

3624 

1694 

$33 

HWP-2 

2.0 

6.2 

5.6 

0.87 

230 

69.43% 

84.00% 

0.48 

3624 

1757 

$34 

DEMAND  CREDIT 

$111 

MMBtu 

30 

TOTAL 

5 

8932 

$233 

2812 

CWP-1 

20.0 

27.0 

23.0 

0.77 

460 

90.07% 

91.00% 

0.16 

3672 

586 

$11 

CNWP-1 

25.0 

31.5 

26.5 

0.82 

460 

91.18% 

91.70% 

0.11 

3672 

394 

$8 

CTM-1 

15.0 

18.6 

18.6 

0.87 

460 

86.79% 

90.20% 

0.56 

1167 

655 

$21 

HWP-1 

7.5 

21,6 

18.5 

0.87 

230 

74.74% 

88.50% 

1.33 

5163 

6888 

$123 

HWP-2 

7.5 

21.6 

19.0 

0.87 

230 

74.74% 

88.50% 

1.37 

3672 

5031 

$98 

DEMAND  CREDIT 

$76 

MMBtu 

46 

TOTAL 

4 

13554 

$261 

3442 

CWP-1 

60.0 

73.0 

63.0 

0.84 

460 

91.62% 

94.50% 

1.40 

3672 

5158 

$101 

CWP-2 

60.0 

73.0 

63.4 

0.84 

460 

91.62% 

94.50% 

1.41 

3672 

5191 

$101 

CNWP-1 

40.0 

52.0 

41.0 

0,78 

460 

92.34% 

93.00% 

0.20 

3672 

721 

$14 

CNWP-2 

40.0 

52.0 

35.8 

0.78 

460 

92.34% 

93.00% 

0.17 

3672 

629 

$12 

CTM-1 

15.0 

18.3 

14.6 

0.87 

460 

88.21% 

90.20% 

0.25 

1169 

295 

$9 

CTM-2 

15.0 

18.3 

14.6 

0.87 

460 

88.21% 

90.20% 

0.25 

1169 

295 

$9 

CTM-3 

15.0 

18.3 

14.6 

0.87 

460 

88.21% 

90.20% 

0.25 

1169 

295 

$9 

CTM-4 

15.0 

18.3 

14.6 

0.87 

460 

88.21% 

90.20% 

0.25 

1169 

295 

$9 

DEMAND  CREDIT 

$90 

MMBtu 

44 

TOTAL 

4 

12880 

$266 

4701 

CWP-1 

50.0 

60.7 

51 

0.87 

440 

92.68% 

93.00% 

0.13 

1873 

235 

$6 

CWP-2 

50.0 

60.7 

51 

0.87 

440 

92.68% 

93,00% 

0.13 

1873 

235 

$6 

CNWP-1 

30.0 

38 

33 

0.87 

440 

88.83% 

92.40% 

0.95 

1873 

1784 

$45 

CNWP-2 

30.0 

38 

33 

0.87 

440 

88.83% 

92.40% 

0.95 

1873 

1784 

$45 

CTM-1 

20.0 

24,6 

18.2 

0.87 

460 

87,50% 

91.00% 

0.55 

650 

361 

$17 

CTM-2 

15,0 

19.2 

16.5 

0.87 

440 

87,90% 

90.20% 

0.32 

650 

206 

$10 

DEMAND  CREDIT 

$65 

MMBtu 

16 

TOTAL 

3 

4605 

$128 

5676 

10.0 

13.5 

13 

0.87 

460 

79.72% 

89.50% 

1.24 

7296 

9012 

10.0 

13.5 

13 

0.87 

460 

79.72% 

89.50% 

1.24 

7296 

9012 

7.5 

11 

10 

0,87 

460 

73.38% 

88.50% 

1.61 

3672 

5927 

7.5 

10.5 

9 

0.79 

460 

84.66% 

88.50% 

0.29 

1160 

337 

$94 

MMBtu 

83 

4 

5678 

HCP-1 

2.0 

6.5 

5.9 

0.83 

208 

76.76% 

84.00% 

0.20 

7296 

1445 

■SI 

HCP-2 

2,0 

6.5 

5.7 

0.83 

208 

76.76% 

84.00% 

0.19 

7296 

1396 

HCP-3 

1.5 

4.8 

4.5 

0.83 

230 

70.51% 

84.00% 

0.34 

7296 

2474 

$41 

HCP-4 

2.0 

6.3 

5.8 

0.83 

230 

71.62% 

84.00% 

0.39 

7296 

2878 

$48 

CNWP-1 

7.5 

11 

10 

0.87 

460 

73.38% 

88.50% 

1.61 

3672 

5927 

CTM-1 

7.5 

11 

9.6 

0.75 

460 

85.12% 

88.50% 

0.26 

1139 

293 

1  DEMAND  CREDIT 

$64 

MMBtu 

49 

TOTAL 

3 

D-730-41 


DATE  PREPARED 

10-Apr-91 

SHT  OF 

CHECKED  BY  CEL 

SHIPPING 

Total 

Wt 

I 

1 

Unit 

Wt 

i 

EFFECTIVE  PRICING 

DATE  APR.  91 

DRAWING  NO. 

O 

TOTAL 

$8,498 

$8,498 

$2,755 

$2,755 

$1,756 

$1,756 

CM* 

$2,755 

$31,531 

$5,045 

$3,153 

$39,729 

$7,946 

$47,675 

$2,622 

0> 

CM 

O 

U> 

ESTIMATOR 

MATERIAL 

Cost 

8028.00 

o 

o 

cci 

CM 

O 

CO 

2579.00 

2579.00 

o 

o 

0) 

CO 

(0 

1639.00 

2579.00 

2579.00 

o 

lO 

q 

0) 

CM 

$4,744 

$2,965 

$37,359 

$7,472 

$44,831 

$2,466 

I  $47,296 

INVITATION  NO./CONTRACT  NO. 

DACA  59-90- C-0087 

Unit 

Price 

o 

GO 

CNJ 

O 

CO 

o 

cd 

CM 

o 

00 

2579.0 

2579.0 

1639.0 

o 

o> 

CO 

CO 

2579.0 

2579.0 

CODE  C 

EQUIPMENT 

Cost 

X  CODE  b|  I 

OTHER 

Unit 

Price 

< 

LU 

Q 

O 

O 

LABOR  I 

Cost 

470  1 

470 

176 

176 

176 

(0 

$1,881 

$301 

€0 

GO 

1  $2,370 

1  $474 

$2,844 

1  $156 

o 

o 

CO 

Unit 

Price 

o 

CNJ 

o 

CM 

o 

CM 

o 

CM 

o 

CM 

o 

CM 

o 

CM 

o 

CM 

t 

COST  ESTIMATE  ANALYSIS 

ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER 

FT.  SILL.  OKLAHOMA 

Total 

Hrs 

q 

CM 

24.0 

9.0 

O 

0) 

6.0  ! 

6.0 

0*6 

0  6 

_ 1 

MH/ 

Unit 

24.0 

q 

CM 

o 

9.0 

o 

CD 

6.oJ 

9.0 

q 

0) 

Quantity 

Unit 

Meas 

< 

Ui 

< 

UJ 

< 

UJ 

UJ 

< 

UJ 

< 

UI 

< 

UJ 

< 

UJ 

1 

m 

00 

1 

'  ^ 

No.  Of 

Units 

16% 

10% 

20% 

5.5% 

.  ECO  BLDG.  730  I 

OTOR  REP.LACEMENT 

z 

O 

Q. 

CC 

o 

CO 

UJ 

o 

V 

150.0  HP  MOTOR 

150.0  HP  MOTOR 

50.0  HP  MOTOR 

50.0  HP  MOTOR 

30.0  HP  MOTOR 

30.0  HP  MOTOR 

50.0  HP  MOTOR 

50.0  HP  MOTOR 

Q 

Z 

O 

CD 

-TOTAL 

> 

O 

T 

S  SHEET 

PROJECT 

z 

o 

MOTOR  REP 

HIGH  EFF.  Wi 

CM 

Y 

CM 

1 

CM 

CM 

fS 

o 

o 

< 

UJ 

X 

1- 

ffi 

3 

CO 

UJ 

(D 

Z 

aJ 

n 

o 

o 

1 

CWP- 

CWP- 

CNWP 

CNWP 

CTM- 

S 

H 

O 

HWP- 

HWP- 

K 

ffi 

3 

(0 

CC 

UJ 

> 

o 

LL 

O 

QC 

0. 

CO 

0 

o 

F- 

Z 

O 

o 

3 

CO 

% 

(0 

I  TOTA 

5 

J  2 
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LIFE  CYCLE  COST  ANALYSIS  SUMMARY  STUDY:  730EC6 

ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP)  LCCID  1.035 

INSTALLATION  &  LOCATION:  FT.  SILL,  OKLAHOMA  REGION  NOS.  6  CENSUS:  3 
PROJECT  NO.  &  TITLE:  3002-000  ENERGY  STUDY  ARMY  BOILER/ CHILLERS 
FISCAL  YEAR  1991  DISCRETE  PORTION  NAME:  HIGH  EFF.  MOTOR 
ANALYSIS  DATE:  04-10-91  ECONOMIC  LIFE  25  YEARS  PREPARED  BY:  KC 


1.  INVESTMENT 

A.  CONSTRUCTION  COST 

B.  SIOH 

C.  DESIGN  COST 

D.  ENERGY  CREDIT  CALC  ( lA+lB+lC ) X. 9 

E.  SALVAGE  VALUE  COST 

F.  TOTAL  INVESTMENT  (ID-IE) 


$ 

$ 

$ 

$ 

-$ 

$ 


2.  ENERGY  SAVINGS  (+)  /  COST  (-) 

ANALYSIS  DATE  ANNUAL  SAVINGS,  UNIT  COST  &  DISCOUNTED  SAVINGS 


47675. 

2623. 

2861. 

47843. 

0. 

47843. 


UNIT  COST 

SAVINGS 

ANNUAL  $ 

DISCOUNT 

DISCOUNTED 

FUEL 

$/MBTU ( 1 ) 

MBTU/YR(2) 

SAVINGS ( 3 ) 

FACTOR(4) 

SAVINGS(5) 

A. 

ELECT 

$  4.01 

292. 

$ 

1171. 

11.37 

13309. 

B. 

DIST 

$  .00 

0, 

$ 

0. 

17.06 

0. 

C. 

RESID 

$  .00 

0. 

$ 

0. 

16.85 

0. 

D. 

NAT  G 

$  2.92 

0. 

$ 

0. 

17.52 

0. 

E. 

COAL 

$  .00 

0. 

$ 

0. 

13.34 

0. 

F. 

TOTAL 

292. 

$ 

1171. 

$  13309. 

NON 

ENERGY 

SAVINGS (+)  / 

COST(-) 

A. 

ANNUAL 

RECURRING  (+/ 

-) 

$  879. 

(1)  DISCOUNT  FACTOR 

(TABLE  A) 

11.65 

(2)  DISCOUNTED  SAVING/COST  (3A 

X  3A1) 

$  10240. 

C. 

TOTAL  NON  ENERGY  DISCOUNTED  SAVINGS (+) 

/COST(-) 

(3A2+3Bd4) 

$  10240. 

D.  PROJECT  NON  ENERGY  QUALIFICATION  TEST 

(1)  25%  MAX  NON  ENERGY  CALC  (2F5  X  .33)  $ 

A  IF  3D1  IS  =  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  =  ( 2F5+3D1 ) /IF) 

C  IF  3D1B  IS  =  >  1  GO  TO  ITEM  4 

D  IF  3D1B  IS  <  1  PROJECT  DOES  NOT  QUALIFY 

4.  FIRST  YEAR  DOLLAR  SAVINGS  2F3+3A+ ( 3B1D/ (YEARS  ECONOMIC  LIFE))  $  2050. 

5.  TOTAL  NET  DISCOUNTED  SAVINGS  (2F5+3C)  $  23549. 

6.  DISCOUNTED  SAVINGS  RATIO  (SIR)=(5  /  1F)=  .49 

(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 

****  Project  does  not  qualify  for  ECIP  funding;  4,5,6  for  information  only. 


4392. 

.37 


7.  SIMPLE  PAYBACK  PERIOD  (ESTIMATED)  SPB=lF/4 


23.34 


D-730-43 


ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 
FT.  SILL,  OKLAHOMA 


CENTRAL  PLANT:  730 

ENERGY  CONSERVATION  OPPORTUNITY:  ECO-  7 

SYSTEM  MODIFICATION:  INSTALL  INSTRUMENTATION  TO  DETERMINE  LOAD 
SYSTEMS  TO  MODIFY: 


CALCULATION  DESCRIPTION: 

Analysis  spread  sheet  was  prepared  to  determine  the  energy  savings  for 
ECO -7,  install  instrumentation  to  facilitate  efficient  operation  of  boiler  plant. 

It  was  estimated  that  the  energy  wasted  from  boiler  in  standby  is  1%  of  the  rated 

output  capacity.  The  hours  when  boilers  are  running  unnecessary  were  estimated  for  each  boiler. 


ANNUAL  UTILITY  SAVINGS 


D-730-44 


BOILER  STANDBY  SAVINGS 


D-730-45 


[BOILERS.WK3J 


ECO-7,  INSTRUMENTATION  FOR  BOILER  PLANT 
(TYPICAL) 


HWP-1 


BTU  METER  T  ~\ 
(NEW)  I  I 


r  n  DISPLAY;  (NEW) 

I  -  TEMP’S  & 

.  -  BTUH  HEATING 

^rrr 
/  I  \ 

/  \  ^ 

+  T  \ 


(NEW)  ^ 


(NEW) 


TO  BLDGs. 


FROM  BLDGs. 


[?]  FLOW  METER 

[t]  temperature  sensors 


[B-ECO-7.DWG] 


D-730-46 
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LIFE  CYCLE  COST  ANALYSIS  SUMMARY  STUDY:  B730EC1 

ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP)  LCCID  1.035 

INSTALLATION  &  LOCATION:  FT.  SILL,  OKLAHOMA  REGION  NOS.  6  CENSUS:  3 

PROJECT  NO.  &  TITLE:  3002-000  ENERGY  SURVEY  OF  ARMY  BOILER/ CHILLERS 
FISCAL  YEAR  1991  DISCRETE  PORTION  NAME:  BOILER  INSTRUMENTATION 
ANALYSIS  DATE;  04-12-91  ECONOMIC  LIFE  15  YEARS  PREPARED  BY:  KC 


1.  INVESTMENT 

A.  CONSTRUCTION  COST  $ 

B.  SIOH  $ 

C.  DESIGN  COST  $ 

D.  ENERGY  CREDIT  CALC  (1A+1B+1C)X.9  $ 

E.  SALVAGE  VALUE  COST  -$ 

F.  TOTAL  INVESTMENT  (ID-IE)  $ 


2.  ENERGY  SAVINGS  (+)  /  COST  (-) 

ANALYSIS  DATE  ANNUAL  SAVINGS,  UNIT  COST  &  DISCOUNTED  SAVINGS 


4248. 

234. 

255. 

4263. 

0. 

4263. 


UNIT  COST 

SAVINGS 

ANNUAL  $ 

DISCOUNT 

DISCOUNTED 

FUEL 

$/MBTU(l) 

MBTU/YR(2) 

SAVINGS ( 3 ) 

FACTOR(4) 

SAVINGS { 5 ) 

A. 

ELECT 

$  4.01 

0. 

$ 

0. 

8.78 

0. 

B. 

DIST 

$  .00 

0. 

$ 

0. 

12.34 

0. 

C. 

RES  ID 

$  .00 

0. 

$ 

0. 

12.05 

0. 

D. 

NAT  G 

$  2.92 

89. 

$ 

259. 

12.48 

3237. 

E. 

COAL 

$  .00 

0. 

$ 

0. 

10.01 

0. 

F. 

TOTAL 

89. 

$ 

259. 

$ 

3237. 

NON 

ENERGY 

SAVINGS (+)  / 

COST(-) 

A* 

ANNUAL 

RECURRING  (+/ 

$ 

-255. 

(1)  DISCOUNT  FACTOR 

(TABLE  A) 

9.11 

(2)  DISCOUNTED  SAVING/COST  ( 3A  X 

3A1) 

$ 

-2323. 

C. 

TOTAL  NON  ENERGY  DISCOUNTED  SAVINGS (+) 

/COST(-) 

(3A2+3Bd4) 

$ 

-2323. 

D.  PROJECT  NON  ENERGY  QUALIFICATION  TEST 

(1)  25%  MAX  NON  ENERGY  CALC  (2F5  X  .33)  $  1068. 

A  IF  3D1  IS  =  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  =  (2F5+3D1)/1F)=  _ 

C  IF  3D1B  IS  =  >  1  GO  TO  ITEM  4 

D  IF  3D1B  IS  <  1  PROJECT  DOES  NOT  QUALIFY 

4.  FIRST  YEAR  DOLLAR  SAVINGS  2F3+3A+ ( 3B1D/ (YEARS  ECONOMIC  LIFE))  $  4. 

5.  TOTAL  NET  DISCOUNTED  SAVINGS  (2F5+3C)  $  914. 

6.  DISCOUNTED  SAVINGS  RATIO  (SIR)=(5  /  1F)=  .21 

(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 

7.  SIMPLE  PAYBACK  PERIOD  (ESTIMATED)  SPB=lF/4  966.12 
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ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 
FT.  SILL,  OKLAHOMA 

CENTRAL  PLANT:  730 

ENERGY  CONSERVATION  OPPORTUNITY:  ECO-  10 

SYSTEM  MODIFICATION:  OXYGEN  TRIM  FOR  BURNERS 
SYSTEMS  TO  MODIFY:  BOILER  1 , 2,  3,  AND  4 


CALCULATION  DESCRIPTION: 

Two  PC-CUBE  program  computer  runs  are  compared  to  determine  the  energy  savings  for 
ECO -10,  install  oxygen  trim  for  burners. 

The  first  computer  run  (Baseline)  is  a  simulation  of  the  existing  structure,  equipment,  and 
systems,  and  how  they  are  presently  operated.  The  second  computer  run  (ECO)  is  also  a 
simulation  of  the  existing  building  with  modifications  implemented  in  the  systems,  equipment, 
or  the  operation.  The  difference  in  the  totals  from  the  two  computer  runs  represents  the  savings. 


ANNUAL  UTILITY  SAVINGS 


PC  CUBE  RUN 

Electric 

Nat.  Gas 
(MMBtu) 

Total  Energy 
(MMBtu) 

Demand(kW) 

Energy  (kWh) 

Baseline 

— 

— 

20,988 

20,988 

ECO 

— 

— 

20,880 

20,880 

Savings  (Baseline -ECO) 

0 

0 

108 

108 

NOTE:  The  savings  for  this  ECO  did  not  consider  any  interrelated  savings  with  other 

ECOs  identified  as  economically  feasible. 


ENERGY  COST  SAVINGS: 


Electricity: 

0  MMBtuA'r  X 

$4.0141  /MMBtu  = 

$0  per  year 

Nat.  Gas: 

108  MMBtu/Yr  X 

$2.92 /MMBtu  = 

$315  per  year 

Total  Energy  Cost  Savings: 

$0  + 

$315 

$315  per  year 

NON -ENERGY  SAVINGS  (+),  COST  (-): 

Demand: 

0  kW/month  X 

$1.787/kW  X 

12  months/year 

=  (+) 

$0  per  year 

Maintenance:  =  (-) 

$2,411  per  year 

Total: 

$0 

$2,411 

($2,41 1)  per  year 

[ECO-SHT.WK31 
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PC-CUBE  VERSION  2.0.3 


PAGE  NO.  21 


CENTAL  PALNT  730  BASELINE- 1 

SYSTEM  Cl  NORMAL  HEATING  AND  COOLING  SEASONS 


FUEL  AND  POWER  CONSUMPTION  SYSTEM  Cl 

TOTAL  GAS  CONSUME.,  1000  CU  FT  20987. 

PEAK  DAY  GAS  CONSUME.,  1000  CU  FT  287. 

ELECTRICAL  CONSUMPTION,  KWH  883113. 

PEAK  KW  DEMAND  (15  MIN  BASIS)  525. 

PURCHASED  ELECTRIC  POWER 

ON-PEAK  CONSUMPTION  KWH  883113, 

ON-PEAK  KW  DEMAND  (15  MIN  BASIS)  525. 

MID-PEAK  CONSUMPTION  KWH  0. 

MID- PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

OFF-PEAK  CONSUMPTION  KWH  0. 

OFF-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

GENERATED  ELECTRICAL  POWER  KWH  0. 

SOLD  ELECTRICAL  POWER  KWH  0- 

AUXILIARY  FUEL  CONSUMPTION  0. 

DIR.  PROC.  GAS  CONSUMP.,  1000  CF  0. 

CHILLER  OPERATING  HOURS 

CHILLER  1  1873 

BOILER  OPERATING  HOURS 

BOILER  1  1507 

BOILER  2  980 

BOILER  3  570 

RECOVERABLE  HEAT  USED,  MBTU  0. 

RECOVERABLE  HEAT  UNUSED,  MBTU  0. 


**  TOTAL  ** 
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PC -CUBE  VERSION  2.0.3 


PAGE  NO 


9 


CENTRAL  PLANT  730  BOILER  ECO-4 

SYSTEM  Cl  NORMAL  HEATING  AND  COOLING 
FUEL  AND  POWER  CONSUMPTION 


SEASONS 

SYSTEM  Cl 


**  TOTAL  ** 


TOTAL  GAS  CONSUMP.,  1000  CU  FT  20880. 

PEAK  DAY  GAS  CONSUME.,  1000  CU  FT  286. 

ELECTRICAL  CONSUMPTION,  KWH  883026. 

PEAK  KW  DEMAND  (15  MIN  BASIS)  525. 

PURCHASED  ELECTRIC  POWER 

ON-PEAK  CONSUMPTION  KWH  883026. 

ON-PEAK  KW  DEMAND  (15  MIN  BASIS)  525. 

MID-PEAK  CONSUMPTION  KWH  0. 

MID-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

OFF-PEAK  CONSUMPTION  KWH  0. 

OFF-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

GENERATED  ELECTRICAL  POWER  KWH  0. 

SOLD  ELECTRICAL  POWER  KWH  0. 

AUXILIARY  FUEL  CONSUMPTION  0. 

DIR.  PROC.  GAS  CONSUME.,  1000  CF  0. 

CHILLER  OPERATING  HOURS 

CHILLER  1  1873 

BOILER  OPERATING  HOURS 

BOILER  1  1506 

BOILER  2  974 

BOILER  3  562 

RECOVERABLE  HEAT  USED,  MBTU  0. 

RECOVERABLE  HEAT  UNUSED,  MBTU  0. 


D-730-51 


SPECIFICATIONS -AIR-MIZER  II  SYSTEM 


SENSOR 


Nofulnal  Dimensions:  14Va"H  x 
10’A  "W  X  10 "D  (37,2  x  26  x  25.4  cm) 

Enclosure:  Weather  resIstant—S.S. 
case,  nickel  plated  carbon  steel 
base 

Weight:  55  pounds  (25  kg) 

Accuracy:  ±  1  %  of  net  excess  oxy¬ 
gen 

Repeatability:  ±0.2%  of  measured 
value 

Response:  90%  of  full  scale  in  less 
than  5  seconds 

Drift:  Less  than  0.1  %  of  sensor  cell 
output  per  month 

Ambient  Temperatures:  -  5  to 
+  175T(-20,5  1o  +79"C) 

Sample  Temperatures:  Upto  1300®F 
(704  ®C)  with  standard  probe 

Sample  Flow  Rate:  0.1  to  120  scfh 
(0.47  to  56.65  liters/minute) 

Air  Aspirator  Requirements:  10  to 
20  scfh  (4.72  to  14.16  (Iters/  min) 
at  15-100  psi  (1.05  to  7.037  kg/cm*) 
(Aspirator  air  regulator  furnished 
with  sensor  normally  set  at  2-7 
psI;  0.14  -  0.49  kg/cm*) 

Calibration:  With  analyzed  oxygen 
In  nitrogen  sample.  Calibration 
port  provided. 


Temperature  Control:  On-Off  by  mi¬ 
croprocessor  (±  1  ®C) 

Linearization:  256  segments  from 
20%  to  0.2%  0„  (218  from  10%  to 
0.2%),  by  microprocessor 

Controller  Action:  On-Off~"On” 
time  adjustable  2-20  seconds. 
“Off’*  time  adjustable  2-60 
seconds. 

Deadband;  ±  0.25%  oxygen. 
LED’s  indicate  motor  driving. 

Will  not  allow  decrease  In  air 
when  Oj  Is  below  0.5%  oxygen. 
Air  flow  will  increase  to  -f15% 
max.  If  Oj  level  Is  above  12%. 

Setpoint:  0  to  10%  oxygen  by  either 
of:  A.  Two  banks  of  5  slide  pots, 
(Dual  Fuel)  selectable  by  slide 
switch;  proper  pot  or  pots  con¬ 
nected  to  processor  by  switch  In 
actuator.  B.  Manual  pot  on  panel 
A  or  B  selected  by  Remole/Local 
switch  on  panel.  Setpoint  In¬ 
dicated  by  edge  reading  meter 
(0-10%) 


;;p  V 


Manual  Control:  Manual/Auto 
switch  and  Increase-decrease 
push  buttons  (Spring  return 
switch  Inside  control  unit  can 
override  all  control  actions  In  the 
event  of  processor  failure). 

Ready  Indicator:  On  at  temperature 
set  point.  Off  below  temperature 
set  point.  Flashes  above  tempera¬ 
ture  set  point.  Oj  Control  In 
“manual”  when  below  set  point. 


Increase  Air  Override:  Contact  clo¬ 
sure  from  optional  combustibles 
or  smoke  detector  alarm  will 
cause  Increase  In  air  signal  on 
each  control  pulse  regardless  or 
Oj  vs.  O,  setpoint  relationship. 
Once  combustibles  contact  opens, 
normal  control  will  resume.  This 
maintains  air  flow  at  a  level  where 
maximum  allowable  combustibles 
or  smoke  Is  not  exceeded. 

Ambient  Temperature  Limits:  32  ®F 
to  140  T  (0  to  -f  60X) 

Recorder  Output:  0-100  mv  = 
0-20%  Oj  Linear  (0-50  mv  =0-10%) 
Other  current  or  voltages  outputs 
optional 


ACTUATOR 


Overall  Size:  17Va"L  x  4'*W  x 
10%  "H  (44.5  X  10,2  X  26  cm) 

Weight:  16.5  pounds  (7.5  kg) 
Angular  Travel  (Input  Arm):  60® 

Linear  Link  Travel:  Adjustable  4**  to 
10"  at  4"  to  10"  Radius  (10.2  to 
25.4  cm  at  10.2  to  25.4  cm  Radius) 
Linear  Link  Force:  100  pounds  at 
4"  Radius  (45.5  kg  at  10.2  cm 
Radius) 

70  pounds  at  6"  Radius  (31.8  kg  at 
15.2  cm  Radius) 

40  pounds  at  10"  Radius  (18.2  kg 
at  25,4  cm  Radius) 

Case:  Suitable  for  areas  requiring 
NEMA  2  equipment  (Drip  proof  In¬ 
door) 

Correction:  -  15%  to  +  15%  (.85  to 
1.15  gain)  of  normal  air  flow 


CONTROL  UNIT 

Nominal  Dimensions:  12Va"H  x 
10V8"W  X  9V8"D  (32.1  X  27.6  x  23.2 
cm) 

Enclosure:  Wall/panel  mounted- 
meets  the  requirements  for  NEMA 
4  areas 

Weight:  22  pounds  (10  kg) 


Oxygen  Scale:  20.9  to  0.1%  O, 
Logarithmic 

Alarms:  High  and  Low  Oj  adjustable 
0.2  to  20%.  RTD  Failure  (shuts 
down  temperature  control,  and 
puts  Oj  control  In  “manual”). 


Speed:  60  seconds  from  -15%  to 
-f  15%  correction  (max.) 

Load  Indication:  9  position  shorting 
switch  tied  to  Input  arm 

Brake:  Internal  brake  will  hold  load 
at  any  above  jated  force  without 
“coasting” 

Ambient  Temperature  Limits:  0®Flo 
160®F(-18to  +7rC) 
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DA  FORM  5418~R,  APR  85 


LIFE  CYCLE  COST  ANALYSIS  SUMMARY  STUDY:  730EC10 

ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP)  LCCID  1.035 

INSTALLATION  &  LOCATION:  FT.  SILL,  OKLAHOMA  REGION  NOS.  6  CENSUS:  3 

PROJECT  NO.  &  TITLE:  3002-000  ENERGY  STUDY  ARMY  BOILER/CHILLERS 
FISCAL  YEAR  1991  DISCRETE  PORTION  NAME:  BOILER  02  TRIM  CONTROL 
ANALYSIS  DATE:  04-10-91  ECONOMIC  LIFE  15  YEARS  PREPARED  BY:  KC 


1 .  INVESTMENT 

A.  CONSTRUCTION  COST 

B.  SIOH 

C.  DESIGN  COST 

D.  ENERGY  CREDIT  CALC  ( lA+lB+lC ) X. 9 

E.  SALVAGE  VALUE  COST 

F.  TOTAL  INVESTMENT  (ID-IE) 


$ 

$ 

$ 

$ 

-$ 

$ 


2.  ENERGY  SAVINGS  (+)  /  COST  (-) 

ANALYSIS  DATE  ANNUAL  SAVINGS,  UNIT  COST  &  DISCOUNTED  SAVINGS 


28108. 

1546. 

1687. 

28207. 

0. 

28207. 


UNIT  COST 

SAVINGS 

ANNUAL  $ 

DISCOUNT 

DISCOUNTED 

FUEL 

$/MBTU(l) 

MBTU/YR(2) 

SAVINGS ( 3 ) 

FACTOR(4) 

SAVINGS ( 5 ) 

A. 

ELECT 

$ 

4.01 

0. 

$ 

0. 

8.78 

0. 

B. 

DIST 

$ 

.00 

0. 

$ 

0. 

12.34 

0. 

C* 

RESID 

$ 

.00 

0. 

$ 

0. 

12.05 

0. 

D. 

NAT  G 

$ 

2.92 

108. 

$ 

315. 

12.48 

3936. 

E. 

COAL 

$ 

.00 

0. 

$ 

0. 

10.01 

0. 

F. 

TOTAL 

108. 

$ 

315. 

$  3936. 

3.  NON  ENERGY  SAVINGS (+)  /  COST(-) 


A.  ANNUAL  RECURRING  (+/-) 

(1)  DISCOUNT  FACTOR  (TABLE  A) 

(2)  DISCOUNTED  SAVING/COST  (3A  X  3A1) 


9.11 


$ 

$ 


-2411. 

-21964. 


C.  TOTAL  NON  ENERGY  DISCOUNTED  SAVINGS (+)  /COST(-)  (3A2+3Bd4)  $  -21964. 


D.  PROJECT  NON  ENERGY  QUALIFICATION  TEST 

(1)  25%  MAX  NON  ENERGY  CALC  (2F5  X  .33)  $  1299. 

A  IF  3D1  IS  =  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  =  (2F5+3D1)/1F)=  _ 

C  IF  3D1B  IS  =  >  1  GO  TO  ITEM  4 

D  IF  3D1B  IS  <  1  PROJECT  DOES  NOT  QUALIFY 

4.  FIRST  YEAR  DOLLAR  SAVINGS  2F3+3A+(3B1D/ (YEARS  ECONOMIC  LIFE))  $  -2096. 

5.  TOTAL  NET  DISCOUNTED  SAVINGS  (2F5+3C)  $  -18029. 


6.  DISCOUNTED  SAVINGS  RATIO 

(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 

7.  SIMPLE  PAYBACK  PERIOD  (ESTIMATED) 


(SIR)=(5  /  1F)=  -.64 


SPB=lF/4  -13.46 
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ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 
FT.  SILL,  OKLAHOMA 

CENTRAL  PLANT:  730 

ENERGY  CONSERVATION  OPPORTUNITY:  ECO-  14 

SYSTEM  MODIFICATION:  NEW  CHW  PUMP  FOR  300  TON  CHILLER 
SYSTEMS  TO  MODIFY:  CHILLER  PLANT 


CALCULATION  DESCRIPTION: 

Hand  calculation  sheet  was  prepared  to  determine  the  energy  savings  for 
ECO-14,  install  new  pump  to  match  load  requirements. 

It  was  estimated  that  the  electrical  energy  can  be  saved  by  installing  smaller  pump 
to  match  the  load,  based  on  the  pump  operating  hours  per  year. 


ANNUAL  UTILITY  SAVINGS 


Electric 

Nat.  Gas 

Total  Energy 

PC  CUBE  RUN 

Demand(kW) 

Energy(kWh) 

(MMBtu) 

(MMBtu) 

Baseline 

— 

— 

— 

0 

ECO 

— 

— 

— 

0 

Savinas  (Baseline-ECO) 

0 

144.560 

0 

493 

NOTE:  The  savings  for  this  ECO  did  not  consider  any  interrelated  savings  with  other 

ECOs  identified  as  economically  feasible. 


ENERGY  COST  SAVINGS: 


Electricity: 

493  MMBtuA'r 

X 

$4.0141  /MMBtu  = 

$1,980  per  year 

Nat.  Gas: 

0  MMBtu/Yr 

X 

$2.92 /MMBtu  = 

$0  per  year 

Total  Energy  Cost  Savings: 

$1,980 

+ 

$0 

$1 ,980  per  year 

NON-ENERGY  SAVINGS  {+),  COST  (-): 

Demand: 

0  kW/month 

X 

$1.787/kW  X 

12  months/year 

=  (+) 

$0 

per  year 

Maintenance:  =  (-) 

$0 

per  year 

Total: 

$0 

$0 

$0  per  year 

[ECO-SHT.WK31 
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EMC  ENGINEERS,  INC. 

Denver  •  Colorado  Springs  •  Atlanta  •  West  Germany 


CALCULATED  BY  . 


CHECKED  BY  . 
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COST  ESTIMATE  ANALYSIS 

PROJECT  ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER 

LOCATION  FT.  SILL.  OKLAHOMA 

Total 

Hrs 

o 

1  q 

CM 

o 

0> 

u> 

MH/ 

Unit 

o 

Ni 

CM 

o 

0> 

N 

uS 

QUANTITY 
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< 
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< 
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< 

UJ 

< 

UJ 

< 

LU 

TOTAL  THIS  SHEET 

No.  Of 

Units 

O 

(b 

o 

d 

o 

d 

CM 

in 

in 

PUMP  ECO-14  BLDG.  730 

NEW  PUMP  TO  MATCH  LOAD 

TASK  DESCRIPTION 

1  600  GPM  PUMP 

PUMP  PAD 

PUMP  PIPING  CONNECTION 

PIPING  CONNECTION  MATERIALS 

1  60  HP  MOTOR  INSTALLATION 

MOTOR  SETTING 

SUBTOTAL 

OVERHEAD,  BOND 

PROFIT 

COST SUB-TOTAL 

‘CONTINGENCY 

SUBTOTAL 

% 

CO 

D-730-57 


DA  FORM  541 8-R,  APR  85 


LIFE  CYCLE  COST  ANALYSIS  SUMMARY  STUDY;  730EC14 

ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP)  LCCID  1.035 

INSTALLATION  &  LOCATION:  FT.  SILL,  OKLAHOMA  REGION  NOS.  6  CENSUS:  3 

PROJECT  NO.  &  TITLE:  3002-000  ENERGY  STUDY  ARMY  BOILER/ CHILLERS 
FISCAL  YEAR  1991  DISCRETE  PORTION  NAME;  PUMP  TO  MATCH  LOAD 
ANALYSIS  DATE;  04-15-91  ECONOMIC  LIFE  25  YEARS  PREPARED  BY:  KC 


1 .  INVESTMENT 

A.  CONSTRUCTION  COST 

B.  SIOH 

C.  DESIGN  COST 

D.  ENERGY  CREDIT  C7VLC  (1A+1B+1C)X.9 

E.  SALVAGE  VALUE  COST 

F.  TOTAL  INVESTMENT  (ID-IE) 


$  12141. 

$  668. 

$  729. 

$  12184. 

-$  0. 

$  12184. 


2.  ENERGY  SAVINGS  (+)  /  COST  (-) 

ANALYSIS  DATE  ANNUAL  SAVINGS,  UNIT  COST  &  DISCOUNTED  SAVINGS 


UNIT  COST 

SAVINGS 

ANNUAL  $ 

DISCOUNT 

DISCOUNTED 

FUEL 

$/MBTU(l) 

MBTU/YR(2) 

SAVINGS ( 3 ) 

FACTOR(4) 

SAVINGS (5) 

A. 

ELECT 

$  4.01 

493. 

$ 

1981. 

11.37 

22519. 

B. 

DIST 

$  .00 

0. 

$ 

0. 

17.06 

0. 

C* 

RESID 

$  .00 

0. 

$ 

0. 

16.85 

0. 

D. 

NAT  G 

$  2.92 

0. 

$ 

0. 

17.52 

0. 

E. 

COAL 

$  .00 

0. 

$ 

0. 

13.34 

0. 

F. 

TOTAL 

493. 

$ 

1981. 

$  22519. 

NON 

ENERGY 

SAVINGS (+)  / 

COST(-) 

A. 

ANNUAL 

RECURRING  (+/ 

$  0. 

(1)  DISCOUNT  FACTOR 

(TABLE  A) 

11.65 

(2)  DISCOUNTED  SAVING/COST  (3A  X 

3A1) 

$  0. 

C.  TOTAL  NON  ENERGY  DISCOUNTED  SAVINGS (+)  /COST(-)  (3A2+3Bd4)  $  0. 


D.  PROJECT  NON  ENERGY  QUALIFICATION  TEST 

(1)  25%  MAX  NON  ENERGY  CALC  (2F5  X  .33)  $  7431. 

A  IF  3D1  IS  =  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  =  (2F5+3D1)/1F)=  _ 

C  IF  3D1B  IS  =  >  1  GO  TO  ITEM  4 

D  IF  3D1B  IS  <  1  PROJECT  DOES  NOT  QUALIFY 

4.  FIRST  YEAR  DOLLAR  SAVINGS  2F3+3A+ ( 3B1D/ (YEARS  ECONOMIC  LIFE))  $  1981. 

5.  TOTAL  NET  DISCOUNTED  SAVINGS  (2F5+3C)  $  22519. 

6.  DISCOUNTED  SAVINGS  RATIO  (SIR)=(5  /  1F)=  1.85 

(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 

7.  SIMPLE  PAYBACK  PERIOD  (ESTIMATED)  SPB=lF/4  6.15 


D-730-58 


ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 
FT.  SILL,  OKLAHOMA 

CENTRAL  PLANT:  730 

ENERGY  CONSERVATION  OPPORTUNITY:  ECO-  17 

SYSTEM  MODIFICATION:  DECENTRALIZED  BOILERS,  ELEC.  BOILERS  FOR  EACH  BLDG.  DHW 
SYSTEMS  TO  MODIFY:  ELECTRICAL  WATER  HEATERS 


CALCULATION  DESCRIPTION: 

Two  PC-CUBE  program  computer  runs  are  compared  to  determine  the  energy  savings  for 
ECO-17,  install  electric  boilers  for  summer  DHW. 

The  first  computer  run  (Baseline)  is  a  simulation  of  the  existing  structure,  equipment,  and 
systems,  and  how  they  are  presently  operated.  The  second  computer  run  (ECO)  is  also  a 
simulation  of  the  existing  building  with  modifications  implemented  in  the  systems,  equipment, 
or  the  operation.  The  difference  in  the  totals  from  the  two  computer  runs  represents  the  savings. 


ANNUAL  UTILITY  SAVINGS 


Electric 

Nat.  Gas 

Total  Energy 

PC  CUBE  RUN 

Demand(kW) 

Enerqy(kWh) 

(MMBtu) 

(MMBtu) 

Baseline 

43 

144,000 

1,582 

2,073 

ECO 

164 

192,800 

0 

658 

Savings  (Baseline -ECO) 

L_  „  _a2m 

f48.8001 

1.582 

1.415 

NOTE:  The  savings  for  this  ECO  did  not  consider  any  interrelated  savings  with  other 

ECOs  identified  as  economically  feasible. 


ENERGY  COST  SAVINGS: 

Electricity:  -167  MMBtuA'r  X  $4.0141  /MMBtu  = 

Nat.  Gas:  1582  MMBtu/Yr  X  $2.92 /MMBtu  = 

Total  Energy  Cost  Savings:  ($669)+  $4,619  = 

NON-ENERGY  SAVINGS  (+),  COST  {-): 

Demand:  -121  kW/month  X  $1,787  /kW  X  12  months/year 

=  (+)  ($2,595)  per  year 

Maintenance:  =  (-)  $0  per  year 

Total:  ($2,595)  -  $0  =  ($2,595)  per  year 


[ECO-SHT.'WK31 


($669)  per  year 
$4,619  per  year 
$3,951  per  year 


D-730-59 


D-730-60 


PC-CUBE  VERSION  2.0.3 

CENTRAL  PLANT  730  BASELINE-2 

SYSTEM  Cl  OFF  SEASON  COOLONG,  DOMESTIC  HW,  AND  DISTR.  LOSS 


FUEL  AND  POWER  CONSUMPTION  SYSTEM  Cl 

TOTAL  GAS  CONSUME.,  1000  CU  FT  1581. 

PEAK  DAY  GAS  CONSUME.,  1000  CU  FT  12. 

ELECTRICAL  CONSUMPTION,  KWH  145159. 

PEAK  KW  DEMAND  (15  MIN  BASIS)  130. 

PURCHASED  ELECTRIC  POWER 

ON-PEAK  CONSUMPTION  KWH  145159. 

ON-PEAK  KW  DEMAND  (15  MIN  BASIS)  130. 

MID-PEAK  CONSUMPTION  KWH  0. 

MID- PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

OFF-PEAK  CONSUMPTION  KWH  0. 

OFF-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

GENERATED  ELECTRICAL  POWER  KWH  0. 

SOLD  ELECTRICAL  POWER  KWH  0. 

AUXILIARY  FUEL  CONSUMPTION  0. 

DIR.  PROC.  GAS  CONSUMP.,  1000  CF  0. 

CHILLER  OPERATING  HOURS 

CHILLER  1  768 

BOILER  OPERATING  HOURS 

BOILER  1  1810 

RECOVERABLE  HEAT  USED,  MBTU  0. 

RECOVERABLE  HEAT  UNUSED,  MBTU  0. 


PAGE  NO. 


**  TOTAL  ** 


Demand  Savings : 


Total 


43  kW  for  HW  pump 
164  kW  for  Electric  boiler 
-121  kW  net  extra  demand 


Energy  savings (electricity) : 

Proposed  electric  boiler  consumption  - 

274  MMBtu/yr  DHW  load  *  (  1  kWh/. 003413  MMBtu)  =  80,000  kWh/yr 
est.  20  kW  aux  loads  ^  1400  hours /yr  =  28,000  kWh/yr 

Total  108,000  kWh/yr 

Existing  cooling  and  HW  pump  energy  145,000  kWh/yr  (see  above) 

Existing  HW  pumps  only  energy,  43kW*1400hrs/yr  =  60,200  kWh/yr 


Total  electrical  consumption  for  ECO  17, 
108,000  +  145,000  -  60,200 


192,800  kWh/yr 


20 


D-730-61 


LIFE  CYCLE  COST  ANALYSIS  SUMMARY  STUDY:  B730E3B 

ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP)  LCCID  1.035 

INSTALLATION  &  LOCATION;  FT.  SILL,  OKLAHOMA  REGION  NOS.  6  CENSUS;  3 

PROJECT  NO.  &  TITLE;  3002-000  ENERGY  SURVEY  OF  ARMY  BOILER/ CHILLERS 
FISCAL  YEAR  1991  DISCRETE  PORTION  NAME:  ELECTRIC  BOILER 
ANALYSIS  DATE;  04-12-91  ECONOMIC  LIFE  25  YEARS  PREPARED  BY:  KC 


1.  INVESTMENT 

A.  CONSTRUCTION  COST  $ 

B.  SIOH  $ 

C.  DESIGN  COST  ^ 

D.  ENERGY  CREDIT  CALC  ( lA+lB+lC) X. 9  $ 

E.  SALVAGE  VALUE  COST  "S 

F.  TOTAL  INVESTMENT  (ID-IE)  $ 


2.  ENERGY  SAVINGS  (+)  /  COST  (-) 

ANALYSIS  DATE  ANNUAL  SAVINGS,  UNIT  COST  &  DISCOUNTED  SAVINGS 


36427. 

2004. 

2186. 

36555. 

0. 

36555. 


3. 


FUEL 

UNIT  COST 
$/MBTU(l) 

SAVINGS 

MBTU/YR(2) 

A, 

ELECT 

$ 

4,01 

-167. 

B, 

DIST 

$ 

.00 

0. 

C. 

RESID 

$ 

.00 

0. 

D. 

NAT  G 

$ 

2.92 

1582. 

E. 

COAL 

$ 

.00 

0. 

F. 

TOTAL 

1415. 

NON  ENERGY  SAVINGS (+)  /  COST(-) 


ANNUAL  $ 

DISCOUNT 

DISCOUNTED 

SAVINGS ( 3 ) 

FACTOR(4) 

SAVINGS(5) 

$  -670. 

11.37 

-7622. 

$  0. 

17.06 

0. 

$  0. 

16.85 

0. 

$  4619. 

17.52 

80933. 

$  0. 

13.34 

0. 

$  3949. 

$  73311. 

A.  ANNUAL  RECURRING  (+/-) 

(1)  DISCOUNT  FACTOR  (TABLE  A) 

(2)  DISCOUNTED  SAVING/COST  ( 3A  X  3A1 ) 


11.65 


$  -2594. 

$  -30220. 


C.  TOTAL  NON  ENERGY  DISCOUNTED  SAVINGS (+)  /COST(-)  (3A2+3Bd4)  $  -30220. 


D.  PROJECT  NON  ENERGY  QUALIFICATION  TEST 

(1)  25%  MAX  NON  ENERGY  CALC  (2F5  X  .33)  $  24193. 

A  IF  3D1  IS  =  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  =  (2F5+3D1)/1F)=  _ 

C  IF  3D1B  IS  =  >  1  GO  TO  ITEM  4 

D  IF  3D1B  IS  <  1  PROJECT  DOES  NOT  QUALIFY 


4.  FIRST  YEAR  DOLLAR  SAVINGS  2F3+3A+(3B1D/ (YEARS  ECONOMIC  LIFE))  $ 

5.  TOTAL  NET  DISCOUNTED  SAVINGS  (2F5+3C)  $ 

6.  DISCOUNTED  SAVINGS  RATIO  (SIR)=(5  /  1F)=  1.18 

(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 

7.  SIMPLE  PAYBACK  PERIOD  (ESTIMATED)  SPB=lF/4  26.98 


1355. 

43091. 


D-730-62' 


CENTRAL  PLANT  914 


ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 
FT.  SILL,  OKLAHOMA 


CENTRAL  PLANT:  914 

ENERGY  CONSERVATION  OPPORTUNITY:  ECO-  3 

SYSTEM  MODIFICATION:  MINOR  RENOVATION  &  ANNUAL  MAINTENANCE 
SYSTEMS  TO  MODIFY:  CHILLER  1 


CALCULATION  DESCRIPTION: 

Two  PC— CUBE  program  computer  runs  are  compared  to  determine  the  energy  savings  for 
ECO -3,  renovate  or  replace  existing  chillers. 

The  first  computer  run  (Baseline)  is  a  simulation  of  the  existing  structure,  equipment,  and 
systems,  and  how  they  are  presently  operated.  The  second  computer  run  (ECO)  is  also  a 
simulation  of  the  existing  building  with  modifications  implemented  in  the  systems,  equipment, 
or  the  operation.  The  difference  in  the  totals  from  the  two  computer  runs  represents  the  savings. 


ANNUAL  UTILITY  SAVINGS 


NOTE:  The  savings  for  this  ECO  did  not  consider  any  interreiated  savings  with  other 

ECOs  identified  as  economically  feasible. 


ENERGY  COST  SAVINGS: 

Electricity:  444  MMBtu/Yr  X 

Nat.  Gas:  0  MMBtu/Yr  X 

Total  Energy  Cost  Savings:  $1 ,781  + 

NON-ENERGY  SAVINGS  (+),  COST  (-): 


Demand:  93  kW/month  X  $1.787/kW  X  12  months/year 


=  (+) 

$1 ,994  per  year 

Maintenance: 

=  (-) 

$3,000  per  year 

Total: 

$1 ,994 

$3,000 

= 

($1 ,006)  per  year 

_ [ECO-SHT.WK31 

D-914-1 


$4.0141  /MMBtu  =  $1,781  per  year 

$2.92  /MMBtu  =  $0  per  year 

$0  =  $1,781  per  year 


PC-CUBE  VERSION  2.0.3 

CENTRAL  PLANT  914  BASELINE-1 

SYSTEM  Cl  COOLING  FOR  ALL  BLDGS  AND  HEATING  FOR  BLDG  914 


FUEL  AND  POWER  CONSUMPTION  SYSTEM  Cl 

TOTAL  GAS  CONSUMP. ,  1000  CU  FT  13338. 

PEAK  DAY  GAS  CONSUME.,  1000  CU  FT  126. 

ELECTRICAL  CONSUMPTION,  KWH  563059. 

PEAK  KW  DEMAND  (15  MIN  BASIS)  286. 

PURCHASED  ELECTRIC  POWER 

ON-PEAK  CONSUMPTION  KWH  563059. 

ON-PEAK  KW  DEMAND  (15  MIN  BASIS)  286. 

MID-PEAK  CONSUMPTION  KWH  0. 

MID-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

OFF-PEAK  CONSUMPTION  KWH  0. 

OFF-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

GENERATED  ELECTRICAL  POWER  KWH  0. 

SOLD  ELECTRICAL  POWER  KWH  0. 

AUXILIARY  FUEL  CONSUMPTION  0. 

DIR.  PROC.  GAS  CONSUMP.,  1000  CF  0. 

CHILLER  OPERATING  HOURS 

CHILLER  1  3672 

BOILER  OPERATING  HOURS 

BOILER  1  3624 

BOILER  2  2807 

BOILER  3  348 

RECOVERABLE  HEAT  USED,  MBTU  0. 

RECOVERABLE  HEAT  UNUSED,  MBTU  0. 


PAGE  NO.  21 


**  TOTAL  ** 


D-914-2 


PC -CUBE  VERSION  2.0.3 

CENTRAL  PLANT  914  CHILLER  ECO- 3 

SYSTEM  Cl  HTG  FOR  914  &  CLG  W/  CHILLER  IMPROVEMENT  TO  90%  EFF 


FUEL  AND  POWER  CONSUMPTION  SYSTEM  Cl 

TOTAL  GAS  CONSUMP. ,  1000  CU  FT  13338. 

PEAK  DAY  GAS  CONSUME.,  1000  CU  FT  126. 

ELECTRICAL  CONSUMPTION,  KWH  434224. 

PEAK  KW  DEMAND  (15  MIN  BASIS)  190. 

PURCHASED  ELECTRIC  POWER 

ON-PEAK  CONSUMPTION  KWH  434224. 

ON -PEAK  KW  DEMAND  (15  MIN  BASIS)  190. 

MID-PEAK  CONSUMPTION  KWH  0. 

.MID-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

OFF-PEAK  CONSUMPTION  KWH  0. 

OFF-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

GENERATED  ELECTRICAL  POWER  KWH  0, 

SOLD  ELECTRICAL  POWER  KWH  0. 

AUXILIARY  FUEL  CONSUMPTION  0. 

DIR.  PROC.  GAS  CONSUMP.,  1000  CF  0. 

CHILLER  OPERATING  HOURS 

CHILLER  1  3672 

BOILER  OPERATING  HOURS 

BOILER  1  3624 

BOILER  2  2807 

BOILER  3  348 

RECOVERABLE  HEAT  USED,  MBTU  0. 

RECOVERABLE  HEAT  UNUSED,  MBTU  0. 


PAGE  NO.  9 

**  TOTAL  ** 


D-914-3 


D-914-4 


LIFE  CYCLE  COST  ANALYSIS  SUMMARY  STUDY:  C914EC3 

ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP)  LCCID  1.035 

INSTALLATION  &  LOCATION:  FT.  SILL,  OKLAHOMA  REGION  NOS.  6  CENSUS:  3 

PROJECT  NO.  &  TITLE:  3002-000  ENERGY  STUDY  ARMY  BOILER/ CHILLERS 
FISCAL  YEAR  1991  DISCRETE  PORTION  NAME:  CHILLER  MAINTENANCE 
ANALYSIS  DATE:  04-09-91  ECONOMIC  LIFE  15  YEARS  PREPARED  BY:  KC 


1 .  INVESTMENT 

A.  CONSTRUCTION  COST 

B.  SIOH 

C.  DESIGN  COST 

D.  ENERGY  CREDIT  CALC  ( 1A+1B+1C)X.9 

E.  SALVAGE  VALUE  COST 

F.  TOTAL  INVESTMENT  (ID-IE) 


$ 

$ 

$ 

$ 

-$ 

$ 


2.  ENERGY  SAVINGS  (+)  /  COST  (-) 

ANALYSIS  DATE  ANNUAL  SAVINGS,  UNIT  COST  &  DISCOUNTED  SAVINGS 


3000. 

165. 

180. 

3011. 

0. 

3011. 


UNIT  COST 

SAVINGS 

ANNUAL  $ 

DISCOUNT 

DISCOUNTED 

FUEL 

$/MBTU(l) 

MBTU/YR(2) 

SAVINGS ( 3 ) 

FACTOR(4) 

SAVINGS ( 5 ) 

A, 

ELECT 

$  4.01 

444. 

$  1781. 

8.78 

15637. 

B. 

DIST 

$  .00 

0. 

$  0. 

12.34 

0. 

C. 

RESID 

$  .00 

0. 

$  0. 

12.05 

0. 

D. 

NAT  G 

$  2.92 

0. 

$  0. 

12.48 

0. 

E, 

COAL 

$  .00 

0. 

$  0. 

10.01 

0. 

F. 

TOTAL 

444. 

$  1781. 

$  15637. 

NON 

ENERGY 

SAVINGS (+)  / 

COST ( - ) 

A. 

ANNUAL 

RECURRING  (+/ 

“) 

$  -1006. 

(1)  DISCOUNT  FACTOR 

(TABLE  A) 

9.11 

(2)  DISCOUNTED  SAVING/COST  (3A  X 

3A1) 

$  -9165. 

C.  TOTAL  NON  ENERGY  DISCOUNTED  SAVINGS(+)  /COST(-)  (3A2+3Bd4)  $  -9165. 


D.  PROJECT  NON  ENERGY  QUALIFICATION  TEST 

(1)  25%  MAX  NON  ENERGY  CALC  (2F5  X  .33)  $  5160. 

A  IF  3D1  IS  =  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  =  (2F5+3D1)/1F)=  _ 

C  IF  3D1B  IS  =  >  1  GO  TO  ITEM  4 

D  IF  3D1B  IS  <  1  PROJECT  DOES  NOT  QUALIFY 

4.  FIRST  YEAR  DOLLAR  SAVINGS  2F3+3A+ ( 3B1D/ (YEARS  ECONOMIC  LIFE))  1  775. 

5.  TOTAL  NET  DISCOUNTED  SAVINGS  (2F5+3C)  $  6473. 

6.  DISCOUNTED  SAVINGS  RATIO  (SIR)=(5  /  1F)=  2.35 

(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 

7.  SIMPLE  PAYBACK  PERIOD  (ESTIMATED)  SPB=1F/4  3.88 


D-914-5 


ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 
FT.  SILL,  OKLAHOMA 

CENTRAL  PLANT:  914 

ENERGY  CONSERVATION  OPPORTUNITY:  ECO-  4 

SYSTEM  MODIFICATION:  INSTALL  ICE  STORAGE  COOLING  SYSTEM 
SYSTEMS  TO  MODIFY: 


CALCULATION  DESCRIPTION: 

Hand  calculation  sheet  was  prepared  to  determine  the  energy  savings  for 
ECO-4,  install  ice  storage  system  for  HVAC  cooiing. 

It  was  estimated  that  the  peak  electricai  demand  can  be  saved  by  instailing  ice  storage 
cooling  system. 


ANNUAL  UTILITY  SAVINGS 


PC  CUBE  RUN 

Electric 

Nat.  Gas 
(MMBtu) 

Total  Energy 
(MMBtu) 

Demand(kW) 

Energv(kWh) 

Baseline 

— 

— 

— 

0 

ECO 

— 

— 

— 

0 

Savinas  (Baseline -ECO) 

428 

0 

0 

0 

NOTE:  The  savings  for  this  ECO  did  not  consider  any  interrelated  savings  with  other 

ECOs  identified  as  economically  feasible. 


ENERGY  COST  SAVINGS: 


Electricity: 

Nat.  Gas: 

Total  Energy  Cost  Savings: 


0  MMBtu/Yr  X 

0  MMBtum  X 

$0  + 


$4.0141  /MMBtu  = 
$2.92/MMBtu  = 
$0 


NON-ENERGY  SAVINGS  (+),  COST  (-): 

Demand:  428  kW/month  X  $1 .787  /kW  X 


=  (+) 

$9,178  per  year 

Maintenance: 

=  (-) 

$0  per  year 

Total: 

$9,178 

$0 

= 

$0  per  year 
$0  per  year 
$0  per  year 

12  months/year 


$9,178  per  year 


IECO-SHT.WK31 


D-914-6 


A  new  application  of  an  old  idea  that  can 
cut  air  conditioning  energy  costs  in  half. 


Air  conditioning  during  summer  daytime  hours 
is  the  largest  single  contributor  to  utility 
“peak  demand”  charges.  After  noon,  as  more  air 
conditioners  are  needed  to  maintain  comfortable 
temperatures,  the  increased  demand  for  electricity 
adds  to  that  already  created  by  lighting,  operating 
equipment,  computers  and  thousands  of  other 
uses.  This  requires  the  utility  to  bring  additional, 
more  costly  generating  sources  on  line  to  handle 
its  increased  demand.  Commercial  users  whose 
large  air  conditioning  loads  contribute  to  these 
added  generating  requirements  are  assessed  an 
additional  charge  based  on  their  highest  on-peak 
demand  for  electricity. 

An  Ice  Bank  Stored  Cooling  System  is  either  a 
toad-shifting  or  load-leveling  method  which  will 
significantly  lower  demand  charges  during  the 
air  conditioning  season  and,  consequently, 
energy  costs.  It  uses  a  standard  packaged  chiller 
to  produce  solid  ice  at  night  during  off-peak 
periods  when  the  building’s  electrical  needs  are 
at  a  minimum.  The  ice  is  built  and  stored  in 
modular  ice  tanks  to  provide  cooling  to  help  meet 
the  building’s  air  conditioning  load  requirement 
the  following  day. 


Making  ice  at  night  and  using  its  stored  energy 
during  the  day  is  not  a  new  or  experimental  idea. 
This  concept  had  been  employed  for  years  in 
cooling  short-peak  applications  such  as  churches 
and  theatres.  However,  longer  peak  uses  were 
served  by  air-source  rooftop  and  chiller-type 
air  conditioners  which  were  less  costly  to  install. 
Now  there  is  renewed  interest  in  a  broad  use  of 
ice-making  systems  by  both  users  and  utilities 
as  the  best  way  to  offset  rising  operating  costs. 

In  fact.  Stored  Cooling  Systems  are  what  summer- 
peaking  utilities  must  have  to  avoid  the  unbearable 
costs  of  new  generating  plants. 

Ice  Banks  not  only  can  cut  operating  costs  in  half 
but  they  can  also  substantially  reduce  capital 
outlays  when  systems  are  suitably  designed  for 
new  commercial  and  industrial  buildings. 
Engineers  can  specify  half-size  chillers  operating 
24  hours  a  day  rather  than  full-size  chillers 
operating  only  10  or  12  hours  per  day.  In  retrofit 
applications,  an  Ice  Bank  Stored  Cooling  System 
can  often  provide  cooling  for  an  addition  to  a 
building  without  adding  chiller  capacity. 


Atlantic  Southern  Properties  Mays  Landing  NJ 
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How  the  LEVLOAD  System  Works 


The  LEVLOAD  Ice  Bank  is  a  modular,  insulated  polyethylene 
tank  containing  a  spiral-wound  plastic  tube  heat  exchanger 
surrounded  with  water.  They  are  available  in  four  sizes  -  90, 
100, 190  and  570  ton-hours.  At  night,  a  75  percent  water - 
25  percent  giycol  solution  from  a  standard  packaged  air 
conditioning  chiller  circulates  through  the  heat  exchanger 
and  extracts  heat  until  eventually  all  the  water  in  the  tank 
is  frozen  solid.  The  ice  is  built  uniformly  throughout  the  tank 
by  the  patented  temperature-averaging  effect  of  closely 
spaced  counterflow  heat  exchanger  tubes,  Figure  5.  Water 
does  not  become  surrounded  by  ice  during  the  freezing 
process  and  can  move  freely  as  ice  forms,  preventing 
stress  or  damage  to  the  tank. 


Typical  flow  diagrams  for  a  Partial  Storage  System  are 
shown  in  Figures  6  and  7. 

At  night,  the  water-glycol  solution  circulates  through  the 
chiller  and  the  Ice  Bank  heat  exchanger,  bypassing  the 
air  handler  coil.  The  fluid  is  at  26F  and  freezes  the  water 
surrounding  the  heat  exchanger. 

During  the  day,  the  solution  is  cooled  by  the  Ice  Bank  from 
52F  to  34F.  A  temperature  modulating  valve  set  at  44F  in  a 
bypass  loop  around  the  Ice  Bank  permits  a  sufficient  quantity 
of  52F  fluid  to  bypass  the  Ice  Bank,  mix  with  the  34F  fluid, 
and  achieve  the  desired  44F  temperature.  The  44F  fluid 
enters  the  coil,  where  it  cools  air  from  75F  to  55F  The  fluid 
leaves  the  coil  at  60F  enters  the  chiller  and  is  cooled  to  52F 

It  should  be  noted  that  while  making  ice  at  night,  the 
chiller  must  cool  the  water-glycol  solution  to  26F  rather 
than  produce  44  or  45F  water  temperatures  required  for 
conventional  air  conditioning  systems.  This  has  the  effect 
of  “derating”  the  nominal  chiller  capacity  by  approximately 
30  percent.  Compressor  efficiency,  however,  is  only  slightly 
reduced  because  lower  nighttime  temperatures  result  in 
cooler  condenser  water  from  the  cooling  tower  and  help 
keep  the  unit  operating  efficiently.  Similarly,  air  cooled 
chillers  benefit  from  cooler  condenser  entering  air 
temperatures  at  night 

The  temperature  modulating  valve  in  the  bypass  loop  has 
the  added  advantage  of  providing  unlimited  capacity 
control.  During  many  mild  temperature  days  in  the  spring 
and  tall,  the  chiller  will  be  capable  of  providing  all  the 
necessary  cooling  for  the  building  without  assistance  from 
stored  cooling.  When  the  building’s  actual  cooling  load  is 
equal  to  or  lower  than  the  chiller  capacity,  all  of  the  system 
coolant  flows  through  the  bypass  loop,  as  in  Figure  8. 


26F 


Chiller 


32F 


Charge  Cycle  Rgure6 


52F 


60F 


Discharge  Cycle  Figure  7 


"Hi 

rx'Xr* 


75F« 


Coil 


60F 


i^55F 


44F 


Automatic  Diverting  Vah/e 


Temperature 
Modulating  Valve 


The  glycol  recommended  for  the  solution  is  an  ethylene 
glycol-based  industrial  coolant,  such  as  Dow  Chemical 
Company’s  Dowtherm*  SR-1  or  Union  Carbide  Corporation’s 
UCARTHERMf  which  are  specially  formulated  for  low 
viscosity  and  superior  heat  transfer  properties.  These  contain 
a  multi-component  corrosion  inhibitor  system  which  is 
effective  with  most  materials  of  construction,  including 
aluminum,  copper,  solder  and  plastics.  Unlike  automotive- 
type  anti-freeze;  they  produce  no  films  and  contain  no 
anti-leak  agents  to  interfere  with  heat  transfer  efficiency 
and  permit  use  of  standard  system  pumps,  seals  and  air 
handier  coils.  However,  because  of  the  slight  difference  in 
heat  transfer  coefficient  between  water-glycol  and  plain 
water,  coil  capacity  should  be  increased  by  approximately 
5  percent  It  is  also  important  that  the  water  and  glycol  be 
thoroughly  mixed  before  the  solution  enters  the  system. 
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LIFE  CYCLE  COST  ANALYSIS  SUMMARY  STUDY:  914EC4 

ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP)  LCCID  1.035 

INSTALLATION  &  LOCATION:  FT.  SILL,  OKLAHOMA  REGION  NOS,  6  CENSUS:  3 

PROJECT  NO.  &  TITLE:  3002-000  ENERGY  STUDY  ARMY  BOILER/CHILLERS 
FISCAL  YEAR  1991  DISCRETE  PORTION  NAME:  ICE  STORAGE  COOLING  SYSTEM 
ANALYSIS  DATE:  04-18-91  ECONOMIC  LIFE  25  YEARS  PREPARED  BY:  KC 


1 .  INVESTMENT 

A.  CONSTRUCTION  COST 

B.  SIOH 

C.  DESIGN  COST 

D.  ENERGY  CREDIT  CALC  (1A+1B+1C)X.9 

E.  SALVAGE  VALUE  COST 

F.  TOTAL  INVESTMENT  (ID-IE) 


$ 

$ 

$ 

$ 

-$ 

$ 


2.  ENERGY  SAVINGS  (+)  /  COST  (-) 

ANALYSIS  DATE  ANNUAL  SAVINGS,  UNIT  COST  &  DISCOUNTED  SAVINGS 


96000. 

5280, 

5760, 

96336, 

0, 

96336, 


UNIT  COST  SAVINGS 

ANNUAL  $ 

DISCOUNT 

DISCOUNTED 

FUEL 

$/MBTU(l)  MBTU/YR(2) 

SAVINGS ( 3 ) 

FACTOR(4) 

SAVINGS (5) 

A. 

ELECT 

$  4.01  0. 

$ 

0. 

11.37 

0. 

B. 

BIST 

$  .00  0. 

$ 

0, 

17.06 

0. 

C. 

RESID 

$  .00  0. 

$ 

0. 

16.85 

0. 

D, 

NAT  G 

$  2.92  0. 

$ 

0. 

17.52 

0. 

E. 

COAL 

$  .00  0, 

$ 

0. 

13.34 

0. 

F. 

TOTAL 

0. 

$ 

0. 

$  0. 

NON 

ENERGY 

SAVINGS (+)  /  COST(-) 

A. 

ANNUAL 

RECURRING  (+/-) 

$  9178. 

(1)  DISCOUNT  FACTOR  (TABLE  A) 

(2)  DISCOUNTED  SAVING/ COST  (3A  X 

3A1) 

11.65 

$  106924. 

C. 

TOTAL  NON  ENERGY  DISCOUNTED  SAVINGS (+) 

/COST(“) 

(3A2+3Bd4) 

$  106924. 

D,  PROJECT  NON  ENERGY  QUALIFICATION  TEST 

(1)  25%  MAX  NON  ENERGY  CALC  (2F5  X  .33)  $  0. 

A  IF  3D1  IS  =  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  =  (2F5+3D1)/1F)=  .00 

C  IF  3D1B  IS  =  >  1  GO  TO  ITEM  4 

D  IF  3D1B  IS  <  1  PROJECT  DOES  NOT  QUALIFY 

4.  FIRST  YEAR  DOLLAR  SAVINGS  2F3+3A+ ( 3B1D/ (YEARS  ECONOMIC  LIFE))  $  9178. 

5.  TOTAL  NET  DISCOUNTED  SAVINGS  (2F5+3C)  $  106924. 

6.  DISCOUNTED  SAVINGS  RATIO  (SIR)=(5  /  1F)=  1.11 

(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 

****  Project  does  not  qualify  for  ECIP  funding;  4,5,6  for  information  only. 

7.  SIMPLE  PAYBACK  PERIOD  (ESTIMATED)  SPB=lF/4  10.50 
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ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 
FT.  SILL,  OKLAHOMA 


CENTRAL  PLANT:  914 

ENERGY  CONSERVATION  OPPORTUNITY:  ECO-  5(B) 

SYSTEM  MODIFICATION:  VARIABLE  SPEED  DRIVE  FOR  COOLING  TOWER 
SYSTEMS  TO  MODIFY:  COOLING  TOWER 


CALCULATION  DESCRIPTION: 

Two  spread  sheets  are  compared  to  determine  the  energy  savings  for 
ECO-5,  install  two-speed  (5A)  or  variable  speed  (5B)  motors  for  cooling  tower. 

The  spread  sheets  is  a  simulation  of  the  existing  structure,  equipment,  and 

systems,  and  how  they  are  presently  operated.  The  spread  sheets  is  also  a 

simulation  of  the  existing  building  with  modifications  implemented  in  the  systems,  equipment, 

or  the  operation.  The  difference  in  the  totals  from  the  spread  sheets  represents  the  savings. 


ANNUAL  UTILITY  SAVINGS 


PC  CUBE  RUN 

Electric 

Nat.  Gas 
(MMBtu) 

Total  Energy 
(MMBtu) 

Demand(kW) 

Energy(kWh) 

Baseline 

— 

7,148 

— 

24 

ECO 

— 

4,451 

— 

15 

Savinas  (Baseline -ECO) 

0 

2.697 

0 

9 

NOTE:  The  savings  for  this  ECO  did  not  consider  any  interrelated  savings  with  other 

ECOs  identified  as  economically  feasible. 


ENERGY  COST  SAVINGS: 

Electricity:  9  MMBtu/Yr  X  $4.0141 /MMBtu  =  $37  per  year 


Nat.  Gas: 

0  MMBtu/Yr  X 

$2.92 /MMBtu  = 

$0  per  year 

Total  Energy  Cost  Savings: 

$37  + 

$0 

$37  per  year 

NON -ENERGY  SAVINGS  (+),  COST  (-): 

Demand: 

0  kW/month  X 

$1 .787  /kW  X 

12  months/year 

=  (+) 

$0  per  year 

Maintenance:  =  (-) 

$361  per  year 

Total: 

$0 

$361 

($361)  per  year 

[ECO-SHT.WK31 
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Two-speed  cooUng  tower  and  variable  speed  cooling  tower  calculation  description: 


The  design  conditions  were  taken  from  the  original  design  documents,  including  wet 

bulb  temperatures,  condenser  water  flow,  and  condenser  supply  and  return 
temperatures.  ^ 

Based  on  an  assumed  liquid  to  gas  ratio,  the  delta  enthalpy  was  calculated  for  entering 
air  versus  leaving  air  conditions.  The  final  total  enthalpy  of  the  leaving  air  was 
calculated  based  on  the  design  entering  air  enthalpy  plus  the  delta  enthalpy. 

The  fan  motor  kW  is  based  on  field  measurements. 

The  WET  BULB  AVERAGES"  are  the  wet  bulb  temperatures  calculated  for  4  hour  bins, 
for  each  cooling  month,  from  ASHRAE  weather  data  for  Oklahoma  City,  Oklahoma 
(part  1). 

The  ENTHALPY  FOR  AVERAGE  WET  BULBS"  are  the  enthalpy  for  each  of  the  wet- 
bulb  (part  1.),  determined  from  look-up  tables  (part  2). 

The  "COOLING  PROFILE  OF  CENTRAL  PLANTS,"  is  the  average  %  load  estimated  for 
the  chiller  plant,  for  the  time  bins  (part  3).  Note  there  is  0%  load  for  those  hours  when 
the  chiller  is  assumed  to  be  off. 

The  "PEAK  LOAD"  per  month  is  the  estimated  peak  hourly  load  (part  3,  last  column). 

The  "RATIO  OF  AVERAGE  MONTHLY  ENTHALPY  TO  DESIGN  ENTHALPY"  for  time 
bins  (part  4)  = 

(Total  exit  air  design  enthalpy  minus  average  monthly  enthalpy,  part  2)  /  (entering  air 
design  enthalpy) 

The  DAYS  PER  MONTH  OPER."  is  the  total  days  per  month  the  cooling  tower 
operates  (part  4,  last  columm). 

The  "%  DESIGN  LOAD"  on  tower  for  time  bins  (part  5)  = 

(%  load  on  plant,  part  3  *  monthly  peak  load,  part  3)  /  (  Highest  monthly  peak  load, 
part  3)  *  ( 1  /  ratio  of  monthly  enthalpy,  part  4) 

For  a  single  speed  cooling  tower  fan  the  energy  usage  (kWh)  is  based  on  the  idea  that 
the  tower  fan  cycle  in  direct  proportion  to  the  %  design  load  on  the  tower,  (part  6)  = 

kWh  per  bin  =  (total  fan  power  kW)  *  (%  design  load,  part  5*4  hours  per  bin  *  days 
per  month)  ^ 

Total  kWh  =  sum  of  all  kWh  bins 
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10.  For  a  two-speed  cooling  tower  fan  the  energy  usage  (kWh)  is  based  on  the  premise  that 
when  a  tower  cell  is  at  less  than  50%  of  its  design  load,  it  operates  at  half  speed.  A  fan 
running  at  half  speed  uses  14%  of  the  maximum  power  input.  The  calculations  take 
into  account  multi-cell  towers  (part  7).  The  control  sequence  is: 

•  0-25%  load,  fan  1,  half  speed  cycling. 

.  25-50%  load,  fan  1  half  speed  running,  fan  2  half  speed  cycling: 

•  50-75%  load,  fan  1  full  speed  cycling,  fan  2  half  speed  running. 

•  75-100%  load,  fan  1  full  speed  running,  fan  2  full  speed  cycling. 

kWh  per  bin,  for  %  design  loads  less  than  25%  load  =  (fan  1  power  kW)  14% 
(%design  load  /  25)  *  4  hours  per  bin  *  days  per  month. 

kWh  per  bin,  for  %  design  loads  25%  to  50%  load  =  (fan  1  power  kW  *  14%  *  4  hours 
per  bin  *  days  per  month  )  *  ( fan  2  power  kW  *  14%  *  ((%  design  load  -  25  )/  25)*  4 
hours  per  bin  *  days  per  month  ) 

kWh  per  bin,  for  %  design  loads  50%  to  75%  load  =  (fan  2  power  kW  *  14%  *  4  hours 
per  bin  *  days  per  month  )  *  ( fan  1  power  kW  *  ((%  design  load  -  50  )/  25)  *  4  hours 
per  bin  *  days  per  month  ) 

kWh  per  bin,  for  %  design  loads  75%  to  100%  load  =  ( fan  1  power  kW  *  4  hours  per 
bin  *  days  per  month )  +  ( fan  2  power  kW  *  ((%  design  load  -  75 )/  25)  *  4  hours  per 
bin  *  days  per  month  ) 

kWh  total  =  sum  of  all  kWh  bins 


11.  For  a  variable  speed  cooling  tower  fan  the  energy  usage  (kWh)  is  based  on  the  prembe 
that  the  tower  fan  percent  air  volume  is  directly  proportional  to  the  percent  load  on  the 
cooling  tower;  and  the  fan  energy  is  proportational  to  the  cube  of  the  air  volume.  The 
calculations  take  into  account  multi-cell  towers  (part  8): 

kWh  per  bin,  for  0  to  100%  load  =  (  total  fan  power  kW)  *  ((%  design  load)*  /  80% 
efficiency  )  *  4  hours  per  bin  *  days  per  month. 

kWh  total  =  sum  of  aU  kWh  bins 
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CENTRAL  PLANT  914 

DESIGN  CONDITIONS 

-  WBT  (DB,  DEG  F) 

77 

-  WATER  FLOW  (gpm) 

950 

-  CNWR  (DEG  F) 

95 

-  CNWS  (DEG  F) 

85 

ASSUMPTION  LIQUID  TO  GAS  RATIO 

2 

-  AIR  FLOW  (LBS/MIN) 

3942.5 

HEAT  REJECTION  CAPACITY  (Btu/min) 

78850 

DELTA  ENTHALPY  (Btu/lb) 

20 

DESIGN  ENTHALPY  (Btu/lb) 

40.57 

TOTAL  ENTHALPY 

60.57 

EXIT  AIR  WB  (LOOKUP) 

93.2 

SPECIFIC  VOLUME  OF  EXIT  AIR  (LOOK  UP) 

15.1 

100%  DESIGN  CFM  @  WB 

59532 

MOTOR  DATA 

-  FAN  1  POWER  (kW) 

8.6 

-  FAN  2  POWER  (kW) 

8.6 

ASHRAE  WEATHER  DATA  -  OKLAHOMA  CITY,  OKLAHOMA 

WET- BULB  AVERAGES  ( 

[4  hour  bins) 

bESIGN 

1-4 

5-8 

9-12 

13-16 

17-20 

21-24 

WB 

APRIL 

48.6 

47.8 

52.2 

55.6 

54.6 

51.4 

77 

MAY 

57.1 

56.6 

61.2 

63.9 

63 

59.4 

77 

JUNE 

66.8 

66.6 

69.9 

71 

70.5 

68.2 

77 

JULY 

70.8 

70.9 

74.5 

76 

74.9 

72.6 

77 

AUGUST 

66.9 

67 

71 

72 

71 

68.5 

77 

SEPTEMBER 

65.1 

64.9 

67.8 

68.9 

67.4 

65.6 

77 

OCTOBER 

51.2 

50.4 

55.1 

57.5 

55.2 

52.5 

77 

. 

ENTHALPY  FOR  AVERAGE  WET- BULBS 

bESIGN 

1-4 

5-8 

9-12 

13-16 

17-20 

21  -24 

pNTHALPY 

APRIL 

19.64 

19.11 

21.55 

23.58 

22.98 

21.09 

40.57 

MAY 

24.53 

24.21 

27.28 

29.23 

28.57 

26.06 

40.57 

JUNE 

31.47 

31.31 

34.01 

34.95 

34.51 

32.59 

40.57 

JULY 

34.77 

34.86 

38.14 

39.57 

38.52 

36.37 

40.57 

AUGUST 

31.54 

31.62 

34.95 

35.83 

34.95 

32.84 

40.57 

SEPTEMBER 

30.13 

29.98 

32.25 

33.09 

31.93 

30.52 

40.57 

OCTOBER 

20.98 

20.53 

23.28 

24.72 

23.34 

21.72 

40.57 
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PEAK 

LOAD 

COOLING  PROFILE  OF  Cl 

ENTRAL  PLANTS 

1-4 

5-8 

9-12 

13-16 

17-20 

21-24 

(Btuh) 

APRIL  ^ 

0 

0 

0 

0 

0 

0 

0 

MAY 

0.3 

0.3 

6.7 

0.7 

0.3 

0.3 

3240000 

JUNE 

0.3 

0.3 

0.7 

0.7 

0.3 

0.3 

4468000 

JULY 

0.3 

0.3 

0.7 

0.7 

0.3 

0.3 

4468000 

AUGUST 

0.3 

0.3 

0.7 

0.7 

0.3 

0.3 

4468000 

SEPTEMBER 

0.3 

0.3 

0.7 

0.7 

0.3 

0.3 

4468000 

OCTOBER 

0 

0 

0 

0 

0 

0 

0 

RATIO  OF  MONTHLY  ENl 

rHALPY  TO  DESIGN  ENTHALPY 

DAYS  PER 
MONTH  OPER. 

1-4 

5-8 

9-12 

13-16 

17-20 

21-24 

APRIL 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

30 

MAY 

1.8 

1.8 

1.7 

1.6 

1.6 

1.7 

31 

JUNE 

1.5 

1.5 

1.3 

1.3 

1.3 

1.4 

30 

JULY 

1.3 

I.3I 

1.1 

l.i 

1.1 

1.2 

31 

AUGUST 

1.5 

1.4 

1.3 

1.2 

1.3^ 

1.4 

31 

SEPTEMBER 

1.5 

1.5 

1.4 

1.4 

1.4 

1.5 

30 

OCTOBER 

0.0 

0.0 

0.0 

0.0 

0.0 

O.0I 

31 

%  DESIGN  LOAD 

DAYS  PER 

MONTH  OPER. 

1-4 

5-8 

9-12 

13-16 

17-20 

21-24 

APRIL 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

30 

MAY 

12.1 

12.0 

30.5 

32.4 

13.6 

12.6 

31 

JUNE 

20.6 

20.5 

52.7 

54.6 

23.0 

21.4 

30 

JULY 

23.3 

23.3 

62.4 

66.7 

27.2' 

24.8 

31 

AUGUST 

20.7 

20.7 

54.6 

56.6 

23.4 

21.6 

31 

SEPTEMBER 

19.7 

19.6 

49.4^ 

50.9 

^.9 

20.0 

30 

OCTOBER 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

31 

TWO  SPEED  COOLING  TOWER  CYCL 

NG  (kWh) 

TOTAL 

(kWh) 

1-4 

5-8 

9-12 

13-16 

17-20 

21-24 

APRIL 

0 

0 

0 

0 

0 

0 

MAY 

72 

71 

182 

193 

81 

75 

JUNE 

119 

119 

401 

481 

133 

124 

JULY 

139 

139 

828 

1010 

162 

148 

AUGUST 

123 

124 

497 

580 

140 

129 

SEPTEMBER 

114 

113 

286 

328 

121 

115 

OCTOBER 

0 

0 

0 

0 

0 

0 

TOTAL 

567 

566 

2194 

2591 

638 

592 

7148 
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_ --  :  1 

TOTAL 

(kWh) 

VARIABLE  S 

PEED  COOLI 

NG  TOWER  CYCLING  (kWh) 

1-4 

5-8 

9-12 

13-16 

17-20 

21-24 

APRIL 

0 

0 

0 

0 

0 

0 

MAY 

5 

5 

76 

91 

7 

5 

JUNE 

23 

22 

378 

421 

31 

25 

JULY 

34 

34 

648 

790 

54 

41 

AUGUST 

24 

24 

435 

483 

34 

27 

SEPTEMBER 

20 

19 

312 

341 

24 

21 

OCTOBER 

0 

0 

0 

0 

0 

0 

TOTAL 

104 

104 

1848 

2126 

150  i 

119 

4451 
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DATE  PREPARED 

08-Apr-91 

SHT  OF 

CHECKED  BY  CEL 

(3 

Total 

Wt 

1 

1 

z 

CL 

X 

CO 

Unit 

Wt 

ll 

EFFECTIVE  PRICING 

DATE  APR.  91 

DRAWING  NO. 

KC 

TOTAL 

$3,278 

$200 

$504 

$3,982 

CO 

<0 

4A 

$398 

$5,017 

CO 

o 

q 

$6,021 

$331 

$6,352 

ESTIMATOR 

-j 

< 

Cost 

3200.00 

O 

q 

d 

o 

o 

00 

CM 

CO 

$3,568 

$571 

$357 

$4,496 

668$ 

$5,395 

$297 

$5,692 

INVITATION  NO./CONTRACT  NO. 

DACA  59 -90 -C -0087 

GC 

LU 

< 

2 

Unit 

Price 

3200.00 

20.00 

328.00 

O 

Ui 

Q 

O 

O 

EQUIPMENT 

Cost 

□ 

CD 

ill 

a 

o 

o 

"xl 

OTHER 

Unit 

Price 

L- 

< 

UJ 

Q 

O 

O 

LABOR  I 

Cost 

00 

160 

176  1 

$414 

99$ 

1  $522 

1  $104 

CD 

CM 

CD 

CO 

099$  ^ 

Unit 

Price 

o 

CM 

o 

CM 

o 

CM 

1 

COST  ESTIMATE  ANALYSIS 

PROJECT  ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER 

LOCATION  FT.  SILL.  OKLAHOMA 

Total 

Hrs 

4.0  1 

00 

9.0  1 

MH/ 

Unit 

4.0 

1  0  6 

Quantitv  I 

Unit 

Meas 

EA 

3 

EA 

^  - - - — 

DA  FORNl^^V,  APR  85 

No.  Of 

Units 

CM 

16% 

10% 

20% 

5.5% 

5 

0 

c 

-i 

a 

C 

c 

u. 

a 

11 

i 

c 

VARIABLE  SPEED  COOLING  TOWER 

z 

o 

H 

CL 

a. 

o 

CG 

UJ 

□ 

H- 

a: 

O 

1- 

o 

s 

0. 

X 

o 

1- 

0 

a 

0 

IL 

c 

IL 

> 

VFD  WIRING  &  CONNECTION 

cc 

O 

CO 

z 

UJ 

CO 

UJ 

a. 

ZJ 

a. 

UJ 

a 

S 

UJ 

H 

CL 

U 

|i 

i 

! 

i 

i 

. 

< 

1- 

G 

h 

a 

or 

O 

z 

0 

cc 

Q 

< 

UJ 

X 

a 

a 

C 

' 

H 

u. 

0 

a 

a 

< 

H 

g 

1 

flO 

3 

<n 

h 

S 

.|  C 

> 

Q 

Z 

u 

C 

2 

h 

2 

c 

c 

► 

? 

c 

h 

s 

)  a 

< 

ee 

O' 

1: 

u 

3 

cr 

a 

1 

< 

li 
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LIFE  CYCLE  COST  ANALYSIS  SUMMARY  STUDY:  914EC5B 

ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP)  LCCID  1.035 

INSTALLATION  &  LOCATION:  FT.  SILL,  OKLAHOMA  REGION  NOS.  6  CENSUS:  3 

PROJECT  NO.  &  TITLE:  3002-000  ENERGY  STUDY  ARMY  BOILER/ CHILLERS 
FISCAL  YEAR  1991  DISCRETE  PORTION  NAME:  TWO  SPEED  COOLING  TOWER 
ANALYSIS  DATE:  04-11-91  ECONOMIC  LIFE  25  YEARS  PREPARED  BY:  KC 

1 .  INVESTMENT 


A. 

CONSTRUCTION  COST 

$ 

6021. 

B, 

SIOH 

$ 

332. 

C. 

DESIGN 

COST 

$ 

362. 

D. 

ENERGY 

CREDIT  CALC  ( 1A+1B+1C)X. 9 

$ 

6044. 

E. 

SALVAGE 

VALUE  COST 

-$ 

0. 

F. 

TOTAL  INVESTMENT  (ID-lE) 

$ 

6044. 

ENERGY  SAVINGS  (+)  /  COST  (-) 

ANALYSIS  DATE  ANNUAL  SAVINGS,  UNIT 

COST  Sc 

DISCOUNTED  SAVINGS 

UNIT  COST  SAVINGS 

ANNUAL  $ 

DISCOUNT 

DISCOUNTED 

FUEL 

$/MBTU(l)  MBTU/YR(2) 

SAVINGS ( 3 ) 

FACTOR(4) 

SAVINGS ( 5 ) 

A, 

ELECT 

$  4.01  9. 

$ 

37. 

11.37 

420. 

B. 

DIST 

$  .00  0. 

$ 

0. 

17.06 

0. 

C, 

RESID 

$  .00  0. 

$ 

0. 

16.85 

0. 

D. 

NAT  G 

$  2.92  0. 

$ 

0. 

17.52 

0. 

E. 

COAL 

$  .00  0. 

$ 

0. 

13.34 

0. 

F, 

TOTAL 

9. 

$ 

37. 

$ 

420. 

NON  ENERGY 

SAVINGS (+)  /  COST(-) 

A. 

ANNUAL 

RECURRING  (+/-) 

$ 

-361. 

(1)  DISCOUNT  FACTOR  (TABLE  A) 

(2)  DISCOUNTED  SAVING/COST  (3A 

X  3A1) 

11.65 

$ 

-4206. 

C, 

TOTAL  NON  ENERGY  DISCOUNTED  SAVINGS (+) 

/COST(-) 

(3A2+3Bd4) 

$ 

-4206. 

D.  PROJECT  NON  ENERGY  QUALIFICATION  TEST 

(1)  25%  MAX  NON  ENERGY  CALC  (2F5  X  .33)  $  139. 

A  IF  3D1  IS  =  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  =  (2F5+3D1)/1F)= 

C  IF  3D1B  IS  =  >  1  GO  TO  ITEM  4 

D  IF  3D1B  IS  <  1  PROJECT  DOES  NOT  QUALIFY 

4.  FIRST  YEAR  DOLLAR  SAVINGS  2F3+3A+(3B1D/ (YEARS  ECONOMIC  LIFE))  $  -324. 

5.,  TOTAL  NET  DISCOUNTED  SAVINGS  (2F5+3C)  $  -3786. 

6.  DISCOUNTED  SAVINGS  RATIO  (SIR)=(5  /  1F)=  -.63 

(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 

7.  SIMPLE  PAYBACK  PERIOD  (ESTIMATED)  SPB=lF/4  -18.65 
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ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 
FT.  SILL,  OKLAHOMA 


CENTRAL  PLANT:  914 

ENERGY  CONSERVATION  OPPORTUNITY:  ECO-  6 

SYSTEM  MODIFICATION:  HIGH  EFFICIENCY  MOTOR  REPLACEMENT 
SYSTEMS  TO  MODIFY:  PUMP  &  COOLING  TOWER  MOTORS 


CALCULATION  DESCRIPTION: 

Analysis  spread  sheet  was  prepared  to  determine  the  energy  savings  for 
ECO -6,  install  high  efficiency  motors. 

It  was  estimated  that  the  electrical  energy  can  be  saved  by  installing  high  efficiency 
motors  based  on  the  motor  operating  hours  per  year. 


ANNUAL  UTILITY  SAVINGS 


PC  CUBE  RUN 

E 

lectric 

Nat.  Gas 
(MMBtuI 

Total  Energy 
(MMBtu) 

DemandfkWI 

Energy  (kWhl 

Baseline 

— 

— 

— 

0 

ECO  1 

— 

— 

— 

0 

Savinas  (Baseline -ECO) 

5 

8.932 

ol 

30 

NOTE;  The  savings  for  this  ECO  did  not  consider  any  interrelated  savings  with  other 
ECOs  identified  as  economicaliy  feasible. 


ENERGY  COST  SAVINGS: 

Electricity: 

30  MMBtuA'r 

X 

$4.0141  /MMBtu  = 

Nat.  Gas; 

0  MMBtu/Yr 

X 

$2.92/MMBtu  = 

Total  Energy  Cost  Savings: 

$122  + 

$0 

$122  per  year 
$0  per  year 
$122  per  year 


NON-ENERGY  SAVINGS  {+),  COST  (-): 

Demand:  5  kW/month  X  $1 .787  /kW 


=  (+) 

$107 

per  year 

Maintenance: 

=  (-) 

$0 

per  year 

Total; 

$107 

— 

$0 

X  12  months/year 


$107  per  year 


[ECO-SHT.WK3] 
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HIGH  EFFICIENCY 
MOTOR  REPLACEMENT 


UBOR  RATE; 

19.6  $/hr 

ELECTRIC  CONS. 

0.0137  $/kWH 

ELECTRIC  DEMAND 

1.787  $/kW 

BLDG. 

EQUIPMENT 

MOTOR 

MOTOR 

MEAS 

MEAS 

MEAS 

EXST 

NEW 

KW^ 

HRS/ 

KWH/YR 

SVGS/ 

NO. 

SERVE 

HP 

FLA 

AMPS 

PF 

VOLT 

EFF 

EFF 

SVGS 

YEAR 

SVGS 

YEAR 

730 

CWP~1 

150.0 

179.0 

147.0 

0.87 

460 

90.19% 

95.00% 

5.73 

2641 

15120 

$330 

CWP-2 

150.0 

179.0 

148.0 

0.91 

460 

86.22% 

95.00% 

11.50 

1873 

21539 

$542 

CNWP-1 

50.0 

118.0 

107.0 

0.98 

230 

80.97% 

93.00% 

6.67 

2641 

17629 

$385 

CNWP-2 

50.0 

118.0 

107.0 

0.99 

230 

80.15% 

93.00% 

7.27 

468 

3405 

$203 

CNWP-3 

Nl 

Nl 

Nl 

CTM~1 

30.0 

71.4 

70.7 

0.93 

230 

84.60% 

92.40% 

2.61 

702 

1834 

$81 

CTM-2 

30.0 

71.4 

71.0 

0.87 

230 

90.44% 

92.40% 

0.58 

702 

405 

$18 

HWP-1 

50.0 

125.0 

117.5 

0.87 

230 

86.10% 

93.00% 

3.51 

3624 

12722 

$250 

HWP-2 

50.0 

125.0 

118.0 

0.87 

230 

86.10% 

93.00% 

3.53 

3624 

12776 

$251 

DEMAND  CREDIT 

$888 

MMBtu 

292 

TOTAL 

41 

85430 

$2,058 

914 

C>NP-^ 

40.0 

48.0 

41.3 

0.87 

460 

89.69% 

93.00% 

1.14 

3672 

4178 

$82 

CNWP~1 

15.0 

19.0 

14.4 

0.82 

460 

90.15% 

90.20% 

0.01 

3672 

23 

$0 

CTM-1 

10.0 

15.0 

12.0 

0.82 

460 

76.12% 

89.50% 

1.54 

416 

640 

$42 

CTM-2 

10,0 

15.0 

12.0 

0.82 

460 

76.12% 

89.50% 

1,54 

416 

640 

$42 

HWP-1 

2.0 

6.2 

5.4 

0.87 

230 

69.43% 

84.00% 

0.47 

3624 

1694 

$33 

HWP-2 

2.0 

6.2 

5.6 

0.87 

230 

69.43% 

84.00% 

0.48 

3624 

1757 

$34 

DEMAND  CREDIT 

$111 

MMBtu 

30 

TOTAL 

5 

6932 

$233 

2812 

CWP-1 

20.0 

27.0 

23.0 

0.77 

460 

90.07% 

91.00% 

0.16 

3672 

586 

$11 

CNWP-1 

25.0 

31.5 

26.5 

0,82 

460 

91.18% 

91.70% 

0.11 

3672 

394 

$8 

CTM-1 

15.0 

18.6 

18.6 

0.87 

460 

86.79% 

90.20% 

0.56 

1167 

655 

$21 

HWP-1 

7.5 

21.6 

18.5 

0.87 

230 

74.74% 

88.50% 

1.33 

5163 

6888 

$123 

HWP-2 

7.5 

21 .6 

19.0 

0.87 

230 

74.74% 

88.50% 

1,37 

3672 

5031 

$98 

DEMAND  CREDIT 

$76 

MMBtu 

46 

TOTAL 

4 

13554 

$261 

3442 

CWP-1 

60.0 

73.0 

63.0 

0.84 

460 

91 .62% 

94.50% 

1.40 

3672 

5158 

$101 

CWP-2 

60.0 

73,0 

63.4 

0.84 

460 

91 .62% 

94.50% 

1.41 

3672 

5191 

$101 

CNWP-1 

40.0 

52.0 

41.0 

0.78 

460 

1  92.34% 

93.00% 

0.20 

3672 

721 

$14 

CNWP-2 

40.0 

52.0 

35.8 

0.78 

460 

92.34% 

93.00% 

0.17 

3672 

629 

$12 

CTM-1 

15.0 

18.3 

14.6 

0.87 

460 

88.21% 

90.20% 

0,25 

1169 

295 

$9 

CTM-2 

15.0 

18.3 

14.6 

0.87 

460 

1  88.21% 

90.20% 

0.25 

1169 

295 

$9 

CTM-3 

15.0 

18.3 

14.6 

0.87 

460 

88.21% 

90.20% 

0.25 

1169 

295 

$9 

CTM-4 

15.0 

18.3 

14.6 

0.87 

460 

88,21% 

90.20% 

0.25 

1169 

295 

$9 

DEMAND  CREDIT 

$90 

MMBtu 

44 

1 

TOTAL 

4 

12880 

$266 

4701 

CWP-1 

50.0 

60.7 

51 

0.87 

440 

i  92.68% 

1  93.00% 

0.13 

1873 

235 

$6 

CWP-2 

50.0 

60.7 

51 

0.87 

440 

i  92.68% 

i  93.00% 

0.13 

1873 

235 

$6 

CNWP-1 

30.0 

38 

33 

0,87 

440 

88.83% 

!  92.40% 

0.95 

1873 

1784 

$45 

CNWP-2 

30.0 

38 

33 

0.87 

440 

88.83% 

92.40% 

0.95 

1873 

1784 

$45 

CTM-1 

20.0 

24.6 

18.2 

0.87 

460 

87.50% 

91.00% 

0.55 

650 

361 

$17 

CTM-2 

15.0 

19.2 

16.5 

1  0.87 

440 

87.90% 

90.20% 

0.32 

650 

206 

$10 

DEMAND  CREDIT 

$65 

MMBtu 

16 

TOTAL 

3 

4605 

$128 

5676 

HCP-1 

10.0 

13.5 

13 

0.87 

460 

79.72% 

89.50% 

1.24 

7296 

9012 

$150 

HCP-2 

10.0 

13.5 

13 

0.87 

460 

79,72% 

89.50% 

1.24 

7296 

9012 

$150 

CNWP-1 

7.5 

11 

10 

0.87 

460 

73.38% 

88.50% 

1.61 

3672 

5927 

$116 

CTM-1 

7.5 

10.5 

9 

0.79 

460 

84.66% 

88.50% 

0.29 

1160 

337 

$11 

DEMAND  CREDIT 

$94 

MMBtu 

83 

TOTAL 

4 

24287 

$427 

5678 

HCP-1 

2.0 

6.5 

5.9 

0.83 

208 

76.76% 

84.00% 

0.20 

7296 

1445  1 

$24 

HCP-2 

2.0 

6.5 

5.7 

0.83 

208 

76.76% 

84.00% 

0.19 

7296 

1396 

$23 

HCP-3 

1.5 

4.8 

4.5 

0.83 

230 

70.51% 

84.00% 

0.34 

7296 

2474 

$41 

HCP-4 

2.0 

6.3 

5.8 

0.83 

230 

71 .62% 

84.00% 

0.39 

7296 

2878 

$48 

CNWP-1 

7.5 

11 

10 

0.87 

460 

73.38% 

88.50% 

1.61 

3672 

5927 

$116 

CTM-1 

7.5 

11 

9.6 

0.75 

460 

85.12% 

88.50% 

0.26 

1139 

293 

$10 

DEMAND  CREDIT 

$64 

MMBtu 

49 

TOTAL 

3 

14412 

$262 
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COST  ESTIMATE  ANALYSIS  INVITATION  NO./CONTRACT  NO.  EFFECTIVE  PRICING  DATE  PREPARED 

_ DACA59-90-C-0087  _ DATE  APR.  91 _ 10~Apr-91 

PROJECT  ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER _  _  CODE  a|  X  CODE  b|  |  CODE  C  DRAWING  NO.  SHT  OF 

LOCATION  FT.  SILL,  OKLAHOMA  LJ  OTHER  _ _ 

ESTIMATOR  KC  CHECKED  BY  CEL 
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LIFE  CYCLE  COST  ANALYSIS  SUMMARY  STUDY:  914EC6 

ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP)  LCCID  1.035 

INSTALLATION  &  LOCATION:  FT.  SILL,  OKLAHOMA  REGION  NOS.  6  CENSUS:  3 

PROJECT  NO.  &  TITLE:  3002-000  ENERGY  STUDY  ARMY  BOILER/ CHILLERS 
FISCAL  YEAR  1991  DISCRETE  PORTION  NAME:  HIGH  EFF.  MOTOR 
ANALYSIS  DATE:  04-10-91  ECONOMIC  LIFE  25  YEARS  PREPARED  BY:  KC 


INVESTMENT 

A.  CONSTRUCTION  COST 

B.  SIOH 

C.  DESIGN  COST 

D.  ENERGY  CREDIT  CALC  (1A+1B+1C)X.9 

E.  SALVAGE  VALUE  COST 

F.  TOTAL  INVESTMENT  (ID-IE) 

ENERGY  SAVINGS  (+)  /  COST  (-) 

ANALYSIS  DATE  ANNUAL  SAVINGS,  UNIT  COST  &  DISCOUNTED  SAVINGS 


UNIT  COST  SAVINGS 
$/MBTU(l)  MBTU/YR(2) 


ANNUAL  $ 
SAVINGS ( 3 ) 


A, 

ELECT 

$  4.01 

31. 

B. 

DIST 

$  .00 

0. 

C. 

RESID 

$  .00 

0. 

D. 

NAT  G 

$  2.92 

0. 

E. 

COAL 

$  .00 

0. 

F, 

TOTAL 

31. 

NON 

ENERGY 

SAVINGS (+) 

/  COST{-) 

A. 

ANNUAL 

RECURRING 

(+/-) 

DISCOUNT  DISCOUNTED 
FACTOR ( 4 )  SAVINGS ( 5 ) 

11.37  1392. 
17.06  0. 
16.85  0. 
17.52  0. 
13.34  0. 


(1)  DISCOUNT  FACTOR  (TABLE  A) 

(2)  DISCOUNTED  SAVING/COST  ( 3A  X  3A1) 


11.65 


C.  TOTAL  NON  ENERGY  DISCOUNTED  SAVINGS (+)  /COST(-)  (3A2+3Bd4)  $ 

D.  PROJECT  NON  ENERGY  QUALIFICATION  TEST 

(1)  25%  MAX  NON  ENERGY  CALC  (2F5  X  .33)  $  459. 

A  IF  3D1  IS  =  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  =  (2F5+3D1)/1F)=  .21 

C  IF  3D1B  IS  =  >  1  GO  TO  ITEM  4 

D  IF  3D1B  IS  <  1  PROJECT  DOES  NOT  QUALIFY 

FIRST  YEAR  DOLLAR  SAVINGS  2F3+3A+ ( 3B1D/ (YEARS  ECONOMIC  LIFE))  $ 

TOTAL  NET  DISCOUNTED  SAVINGS  (2F5+3C)  $ 


6.  DISCOUNTED  SAVINGS  RATIO  (SIR)=(5  /  1F)=  .29 

(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 

****  Project  does  not  qualify  for  ECIP  funding;  4,5,6  for  information  only. 

7.  SIMPLE  PAYBACK  PERIOD  (ESTIMATED)  SPB=lF/4  39.09 
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ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 
FT.  SILL,  OKLAHOMA 

CENTRAL  PLANT:  914 

ENERGY  CONSERVATION  OPPORTUNITY:  ECO-  7 

SYSTEM  MODIFICATION:  INSTALL  INSTRUMENTATION  TO  DETERMINE  LOAD 
SYSTEMS  TO  MODIFY: 


CALCULATION  DESCRIPTION: 

Analysis  spread  sheet  was  prepared  to  determine  the  energy  savings  for 
ECO-7,  install  instrumentation  to  facilitate  efficient  operation  of  boiler  plant. 

It  was  estimated  that  the  energy  wasted  from  boiler  in  standby  is  1  %  of  the  rated 

output  capacity.  The  hours  when  boilers  are  running  unnecessary  were  estimated  for  each  boiler. 


ANNUAL  UTILITY  SAVINGS 


PC  CUBE  RUN 

E 

lectric 

Nat.  Gas 
(MMBtu) 

Total  Energy 
(MMBtu) 

Demand(kW) 

Enerqy(kWh) 

Baseline 

— 

— 

— 

0 

ECO 

— 

— 

— 

0 

Savinas  fBaseline-ECO) 

0 

0 

11 

11 

NOTE;  The  savings  for  this  ECO  did  not  consider  any  interrelated  savings  with  other 
ECOs  identified  as  economically  feasible. 


ENERGY  COST  SAVINGS: 
Electricity: 

Nat.  Gas: 

Total  Energy  Cost  Savings: 


0  MMBtuA'r  X 

11  MMBtu/Yr  X 

$0  + 


$4.0141  /MMBtu  = 
$2.92/MMBtu  = 
$32 


NON-ENERGY  SAVINGS  (+).  COST  (-): 

Demand:  0  kW/month  X 

=  (+)  $0  per  year 

=  (-)  $320  per  year 


$1 .787  /kW  X 


$0  per  year 
$32  per  year 
$32  per  year 

12  months/year 


Maintenance: 

Total: 


$0 


$320 


($320)  per  year 


[ECO-SHT.WK31 
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BOILER  STANDBY  SAVINGS 


^  O)  h. 

o  CM 
d  ci  o) 
in  (o  lo 


CM  CM  in 
(0  GO  in 


o  o  o  o 

S  s 


Q<0^3SNr^N<ooo 

^O^ttoooood 

H  ^  3 
(0  2 


.  It  H  5  S  t 

OUJ  =  =  <d,^ 

3o  =  s 

^  CQ  O  I 

-p.  o  o 

^  I  o  o 

SujgBoo 
^  ;r  H  CD 


=i  O 

O  o 

ffi  2 


c  C  W  CO  c  n 

Z  Z  3  3  Z  Z 
(E  o:  o  o  DC  OC 
[U  Ui  cc  a  UJ  W 

isiSss 


s  s  $  s  s  s 

X  X  X  I  X  I 
HI-h-l-K-H 
X  X  X  X  X  X 


ECO-7  INSTRUMENTATION  FOR  BOILER  PLANT 
(TYPICAL) 


BTU  METER  T  ”1 


(NEW) 


I 

/  \  \ 

/  1  ^ 
+  T  ^ 

'  '  \ 


DISPLAY;  (NEW) 

-  TEMP’S  & 

-  BTUH  HEATING 


(NEW) 


(NEW) 


TO  BLDGs. 


HWP-1 


1  ^ 

j\ - -U 

-  HWF 

>_2 

h _ f 

\) 

I  (NEW) 


FROM  BLDGa. 


[f\  FLOW  METER 

pf]  TEMPERATURE  SENSORS 


[B-EC0-7.DWG] 


D-914-24 


COST  ESTIMATE  ANALYSIS  INVITATION  NO./CONTRACT  NO.  EFFECTIVE  PRICING  DATE  PREPARED 

_ _ DACA  59-90-C-0087  _ DATE  APR.  91 _ 04-Apr-91 _ 

PROJECT  ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER _  _  CODE  a|  X  |  CODE  b|  |  CODE  C  DRAWING  NO.  SHT  OF 

LOCATION  FT.  SILL,  OKLAHOMA  [IJ  OTHER  _ _ 

ESTIMATOR  KC  CHECKED  BY  CEL 
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LIFE  CYCLE  COST  ANALYSIS  SUMMARY  STUDY:  B914EC1 

ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP)  LCCID  1.035 

INSTALLATION  &  LOCATION:  FT.  SILL,  OKLAHOM  REGION  NOS.  6  CENSUS:  3 
PROJECT  NO.  &  TITLE;  3002-000  ENERGY  SURVEY  OF  ARMY  BOILER/CHILLERS 
FISCAL  YEAR  1991  DISCRETE  PORTION  NAME:  BOILER  INSTRUMENTATION 
ANALYSIS  DATE:  04-12-91  ECONOMIC  LIFE  15  YEARS  PREPARED  BY:  KC 


1 .  INVESTMENT 

A.  CONSTRUCTION  COST 

B.  SIOH 

C.  DESIGN  COST 

D.  ENERGY  CREDIT  CALC  ( lA+lB+lC) X. 9 

E.  SALVAGE  VALUE  COST 

F.  TOTAL  INVESTMENT  (ID-IE) 


$  5327. 

$  293. 

$  320. 

$  5346. 

-$  0. 

$  5346. 


2.  ENERGY  SAVINGS  (+)  /  COST  (-) 

ANALYSIS  DATE  ANNUAL  SAVINGS,  UNIT  COST  &  DISCOUNTED  SAVINGS 


UNIT  COST 

SAVINGS 

ANNUAL 

$ 

DISCOUNT 

DISCOUNTED 

FUEL 

$/MBTU(l) 

MBTU/yR(2) 

SAVINGS 

(3) 

FACTOR(4) 

SAVINGS ( 5 ) 

A- 

ELECT 

$  4.01 

0. 

$ 

0. 

8.78 

0. 

B. 

DIST 

$  .00 

0. 

$ 

0. 

12.34 

0. 

C. 

RESID 

$  .00 

0. 

$ 

0. 

12.05 

0. 

D. 

NAT  G 

$  2.92 

11. 

$ 

31. 

12.48 

385. 

E. 

COAL 

$  .00 

0. 

$ 

0. 

10.01 

0. 

F. 

TOTAL 

11. 

$ 

31. 

$  385. 

NON 

ENERGY 

SAVINGS (+)  / 

COST(“) 

A. 

ANNUAL 

RECURRING  (+/ 

-) 

$  -320. 

(1)  DISCOUNT  FACTOR 

(TABLE  A) 

9.11 

(2)  DISCOUNTED  SAVING/COST  (3A  X  3A1)  $  -2915. 

C.  TOTAL  NON  ENERGY  DISCOUNTED  SAVINGS(+)  /COST(-)  (3A2+3Bd4)  $  -2915. 


D.  PROJECT  NON  ENERGY  QUALIFICATION  TEST 

(1)  25%  MAX  NON  ENERGY  CALC  (2F5  X  .33)  $  127. 

A  IF  3D1  IS  =  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  =  (2F5+3D1)/1F)=  _ 

C  IF  3D1B  IS  =  >  1  GO  TO  ITEM  4 

D  IF  3D1B  IS  <  1  PROJECT  DOES  NOT  QUALIFY 

4.  FIRST  YEAR  DOLLAR  SAVINGS  2F3+3A+ ( 3B1D/ (YEARS  ECONOMIC  LIFE))  $  -289. 

5.  TOTAL  NET  DISCOUNTED  SAVINGS  (2F5+3C)  $  -2530. 

6.  DISCOUNTED  SAVINGS  RATIO  (SIR)=(5  /  1F)=  -.47 

(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 

7.  SIMPLE  PAYBACK  PERIOD  (ESTIMATED)  SPB=lF/4  -18.49 
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ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 
FT.  SILL,  OKLAHOMA 

CENTRAL  PLANT:  914 

ENERGY  CONSERVATION  OPPORTUNITY:  ECO-  8 

SYSTEM  MODIFICATION:  BOILER  OPTIMIZATION.  CONTROL  &  INSTRUMENTATION 

SYSTEMS  TO  MODIFY: 


CALCULATION  DESCRIPTION: 

Analysis  spread  sheet  was  prepared  to  determine  the  energy  savings  for 
ECO-8,  instaii  instrumentation  connected  to  EMCS  for  boiler  optimization. 

It  was  estimated  that  the  energy  wasted  from  boiler  in  standby  is  1  %  of  the  rated 

output  capacity.  The  hours  when  boilers  are  running  unnecessary  were  estimated  for  each  boiler. 


ANNUAL  UTILITY  SAVINGS 


PC  CUBE  RUN 

Electric 

Nat.  Gas 
(MMBtu) 

Total  Energy 
(MMBtu) 

Demand(kW) 

Energy(kWh) 

Baseline 

— 

— 

13,338 

13,338 

ECO 

— 

— 

13,294 

13,294 

Savinas  (Baseline -ECO) 

0 

0 

44 

44 

NOTE:  The  savings  for  this  ECO  did  not  consider  any  interrelated  savings  with  other 

ECOs  identified  as  economically  feasible. 


ENERGY  COST  SAVINGS: 


Electricity: 

0  MMBtuA'r 

X 

$4.0141  /MMBtu  = 

$0  per  year 

Nat.  Gas: 

44  MMBtuA'r 

X 

$2.92 /MMBtu  = 

$128  per  year 

Total  Energy  Cost  Savings: 

$0 

+ 

$128 

$128  per  year 

NON-ENERGY  SAVINGS  (+),  COST  (-): 

Demand: 

0  kW/month 

X 

$1 .787  /kW  X 

12  months/year 

=  (+) 

$0 

per  year 

Maintenance:  =  (-) 

$2,031 

per  year 

Total: 

$0 

$2,031 

($2,031)  per  year 

[ECO-SHT.WK3] 
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PC-CUBE  VERSION  2.0,3 


PAGE  NO 


21 


CENTRAL  PLANT  914  BASELINE-1 

SYSTEM  Cl  COOLING  FOR  ALL  BLDGS  AND  HEATING  FOR  BLDG  914 
FUEL  AND  POWER  CONSUMPTION  SYSTEM  Cl 


**  TOTAL  ** 


TOTAL  GAS  CONSUMP,,  1000  CU  FT  13338, 

PEAK  DAY  GAS  CONSUMP.,  1000  CU  FT  126. 

ELECTRICAL  CONSUMPTION,  KWH  563059. 

PEAR  KW  DEMAND  (15  MIN  BASIS)  286. 

PURCHASED  ELECTRIC  POWER 

ON-PEAK  CONSUMPTION  KWH  563059. 

ON-PEAK  KW  DEMAND  (15  MIN  BASIS)  286. 

MID-PEAK  CONSUMPTION  KWH  0. 

MID-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

OFF-PEAK  CONSUMPTION  KWH  0. 

OFF-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

GENERAOSD  ELECTRICAL  POWER  KV^  0. 

SOLD  ELECTRICAL  POWER  KWH  0. 

AUXILIARY  FUEL  CONSUMPTION  0. 

DIR.  PROC.  GAS  CONSUMP.,  1000  CF  0. 

CHILLER  OPERATING  HOURS 

CHILLER  1  3672 

BOILER  OPERATING  HOURS 

BOILER  1  3624 

BOILER  2  2807 

BOILER  3  348 


RECOVERABLE  HEAT  USED,  MBTU 
RECOVERABLE  HEAT  UNUSED,  MBTU 


0. 

0. 
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PC-CUBE  VERSION  2.0.3 

CENTRAL  PLANT  914  BOILER  ECO- 8 

SYSTEM  Cl  COOLING  FOR  ALL  BLDGS  AND  HEATING  FOR  BLDG  914 


FUEL  AND  POWER  CONSUMPTION  SYSTEM  Cl 

TOTAL  GAS  CONSUMP. ,  1000  CU  FT  13293. 

PEAK  DAY  GAS  CONSUMP.,  1000  CU  FT  125. 

ELECTRICAL  CONSUMPTION,  KWH  563059. 

PEAK  KW  DEMAND  (15  MIN  BASIS)  286. 

PURCHASED  ELECTRIC  POWER 

ON-PEAK  CONSUMPTION  KWH  563059. 

ON-PEAK  KW  DEMAND  (15  MIN  BASIS)  286. 

MID-PEAK  CONSUMPTION  KWH  0. 

MID-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

OFF-PEAK  CONSUMPTION  KWH  0. 

OFF-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

GENERATED  ELECTRICAL  POWER  KWH  0. 

SOLD  ELECTRICAL  POWER  KWH  0. 

AUXILIARY  FUEL  CONSUMPTION  0. 

DIR.  PROC.  GAS  CONSUME.,  1000  CF  0. 

CHILLER  OPERATING  HOURS 

CHILLER  1  3672 

BOILER  OPERATING  HOURS 

BOILER  1  3624 

BOILER  2  2807 

BOILER  3  1398 

RECOVERABLE  HEAT  USED,  MBTU  0. 

RECOVERABLE  HEAT  UNUSED,  MBTU  0. 


PAGE  NO.  9 


**  TOTAL  ** 
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COST  ESTIMATE  ANALYSIS  INVITATION  N07C0NTRACT  NO.  EFFECTIVE  PRICING  DATE  PREPARED 

_ DACA  59-90-C-0087  _ DATE  APR.  91 _ 18-Apr-91 _ 

PROJECT  ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER _  _  CODE  A  CODES _  CODEC  DRAWING  NO.  SHT  OF 

LOCATION  FT-  SILL.  OKLAHOMA  LJ  OTHER  _ _ 

ESTIMATOR  KC  CHECKED  BY  CEL 


SHIPPING 

Total 

Wt 

DA  APR  85 

Unit 

Wt 

TOTAL 

— 

$1,512 

CM 

to 

$530 

$720 

$796 

$3,889 

$270 

o 

CM 

695$ 

$11,463 

$855 

$22,385 

$3,582 

$2,239 

$28,205 

$5,641 

$33,847 

CM 

<o 

$35,708 

MATERIAL 

Cost 

$984 

$984 

$452 

$410 

$678 

$3,681 

$500 

$10,449 

$620 

$18,758 

$3,001 

$1,876 

$23,634 

CM 

TT 

CO 

CO 

CM 

$1,560 

$29,921 

Unit 

Price 

$328 

$328 

$226 

$205 

$226 

$3,681 

500 

$3,483 

o 

CM 

EQUIPMENT 

Cost 

Unit 

Price 

QC 

Cost 

$528 

CO 

CM 

U> 

$78 

$310 

$118 

GO 

o 

CM 

.  $270 

270 

$69 

$1,014 

$235 

$3,628 

088$ 

$363 

$4,571 

$914 

$5,485 

$302 

$5,787 

Unit 

Price 

176 

176 

39  ^ 

155 

20 

CO 

O 

CM 

45 

20 

338 

20 

O 

m 

5 

Total 

Hrs 

6.0 

0  9 

<0 

3.5 

12.0 

MH/ 

Unit 

o 

oi 

6.0 

(0 

U) 

CO 

4.0 

1 

Quantity  I 

Unit 

Meas 

EA 

EA J 

LS 

EA 

LS 

< 

III 

EA 

EA 

LS 

EA 

No.  Of 

Units 

CO 

CO 

CM 

CM 

CO 

1— 

CO 

CO 

16.0% 

10.0% 

o 

b 

CM 

5.5% 

BOILER  ECO  BLDG.  914  I 

OPTIMIZE  BOILER  SEQUENCE 

TASK  DESCRIPTION 

INSTRUMENTATION  FOR  3  HW  BOILERS 

HWS  TEMPERATURE  SENSOR 

HWR  TEMPERATURE  SENSOR 

HWPST/SP 

DP  (LIQUID)  PUMP  STATUS 

BOILER  ST/SP 

FID  PANEL  &  ACCESSORIES 

FID  SOFTWARE  COMMISSIONING 

FID  TESTING 

INST.  FLOW  METER 

STACK  02  SENSOR 

STACK  TEMP.  SENSOR 

SUBTOTAL 

OVERHEAD.  BOND 

PROFIT 

COST  SUB-TOTAL 

CONTINGENCY 

SUBTOTAL 

S&A 

TOTAL  THIS  SHEET 

D-914-32 


LIFE  CYCLE  COST  ANALYSIS  SUMMARY  STUDY:  B914EC12 

ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP)  LCCID  1.035 

INSTALLATION  &  LOCATION:  FT.  SILL,  OKLAHOMA  REGION  NOS.  6  CENSUS:  3 

PROJECT  NO.  &  TITLE:  3002-000  ENERGY  SURVEY  OF  ARMY  BOILER/CHILLERS 
FISCAL  YEAR  1991  DISCRETE  PORTION  NAME:  BOILER  OPTIMIZATION 
ANALYSIS  DATE:  04-18-91  ECONOMIC  LIFE  15  YEARS  PREPARED  BY:  KC 


4. 

5. 

6. 


INVESTMENT 

A.  CONSTRUCTION  COST 

B.  SIOH 

C.  DESIGN  COST 

D.  ENERGY  CREDIT  CALC  ( lA+lB+lC) X . 9 

E.  SALVAGE  VALUE  COST 

F.  TOTAL  INVESTMENT  (ID-lE) 

ENERGY  SAVINGS  (+)  /  COST  (-) 

ANALYSIS  DATE  ANNUAL  SAVINGS,  UNIT  COST  &  DISCOUNTED  SAVINGS 


33847. 

1862. 

2031. 

33966. 

0. 

33966. 


UNIT  COST  SAVINGS 


ANNUAL  $ 


DISCOUNT 


DISCOUNTED 


FUEL 

$/MBTU(l) 

MBTU/YR(2) 

SAVINGS ( 3 ) 

FACTOR(4) 

SAVINGS ( 5 ) 

A. 

ELECT 

$ 

4.01 

0. 

$ 

0. 

8.78 

0. 

B. 

DIST 

$ 

.00 

0. 

$ 

0. 

12.34 

0. 

C. 

RESID 

$ 

.00 

0. 

$ 

0. 

12.05 

0. 

D. 

NAT  G 

$ 

2.92 

44. 

$ 

128. 

12.48 

1603. 

E. 

COAL 

$ 

.00 

0. 

$ 

0. 

10.01 

0. 

F. 

TOTAL 

44. 

$ 

128. 

$  1603. 

NON  ENERGY  SAVINGS (+)  /  COST(-) 

A.  ANNUAL  RECURRING  (+/-) 

(1)  DISCOUNT  FACTOR  (TABLE  A) 

(2)  DISCOUNTED  SAVING/COST  (3A  X  3A1) 


9.11 


C. 

D. 


TOTAL  NON  ENERGY  DISCOUNTED  SAVINGS (+)  /COST(-)  (3A2+3Bd4)  $ 

$ 


-2031. 

-18502. 

-18502. 


529. 


PROJECT  NON  ENERGY  QUALIFICATION  TEST 
(1)  25%  MAX  NON  ENERGY  CALC  (2F5  X  .33) 

A  IF  3D1  IS  =  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  =  ( 2F5+3D1 ) /IF) = 

C  IF  3D1B  IS  =  >  1  GO  TO  ITEM  4 

D  IF  3D1B  IS  <  1  PROJECT  DOES  NOT  QUALIFY 

FIRST  YEAR  DOLLAR  SAVINGS  2F3+3A+ ( 3B1D/ (YEARS  ECONOMIC  LIFE))  $ 

TOTAL  NET  DISCOUNTED  SAVINGS  (2F5+3C)  $ 

(SIR)=(5  /  1F)=  -.50 


-1903. 

-16899. 


DISCOUNTED  SAVINGS  RATIO 

(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 


SIMPLE  PAYBACK  PERIOD  (ESTIMATED)  SPB=lF/4 


-17.85 


D-914-33 


ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 
FT.  SILL,  OKLAHOMA 


CENTRAL  PLANT:  914 

ENERGY  CONSERVATION  OPPORTUNITY:  ECO-  9 

SYSTEM  MODIFICATION:  RENOVATE  BOILERS 
SYSTEMS  TO  MODIFY:  BOILER  2,  3,  AND  4 


CALCULATION  DESCRIPTION: 

Two  PC-CUBE  program  computer  runs  are  compared  to  determine  the  energy  savings  for 
ECO -9,  renovate  or  replace  existing  boilers. 

The  first  computer  run  (Baseline)  is  a  simulation  of  the  existing  structure,  equipment,  and 
systems,  and  how  they  are  presently  operated.  The  second  computer  run  (ECO)  is  also  a 
simulation  of  the  existing  building  with  modifications  implemented  in  the  systems,  equipment, 
or  the  operation.  The  difference  in  the  totals  from  the  two  computer  runs  represents  the  savings. 


ANNUAL  UTILITY  SAVINGS 


PC  CUBE  RUN 

Electric 

Nat.  Gas 
(MMBtu) 

Total  Energy 
fMMBtuI 

Demand(kW) 

Enerqy(kWh) 

Baseline 

— 

— 

13,338 

13,338 

ECO 

— 

— 

12,838 

12,838 

Savinas  (Baseline-ECO) 

0 

0 

500 

500 

NOTE:  The  savings  for  this  ECO  did  not  consider  any  interrelated  savings  with  other 

ECOs  identified  as  economically  feasible. 


ENERGY  COST  SAVINGS: 


Electricity: 

0  MMBtu/Yr 

X 

$4.0141  /MMBtu  = 

$0  per  year 

Nat.  Gas: 

500  MMBtu/Yr 

X 

$2.92/MMBtu  = 

$1 ,460  per  year 

Total  Energy  Cost  Savings: 

$0  + 

$1,460 

$1 ,460  per  year 

NON -ENERGY  SAVINGS  (+),  COST  (-): 

Demand; 

0  kW/monih 

X 

$1.787/kW  X 

1 2  months/year 

=  (+) 

$0  per  year 

Maintenance:  =  (-) 

$3,000  per  year 

Total: 

$0 

$3,000 

($3,000)  per  year 

IECO-SHT.WK3] 


D-914-34 


PC-CUBE  VERSION  2.0.3 

CENTRAL  PLANT  914  BASELINE-1 

SYSTEM  Cl  COOLING  FOR  ALL  BLDGS  AND  HEATING  FOR  BLDG  914 

FUEL  AND  POWER  CONSUMPTION  SYSTEM  Cl 

TOTAL  GAS  CONSUME.,  1000  CU  FT 
PEAK  DAY  GAS  CONSUMP.,  1000  CU  FT 

ELECTRICAL  CONSUMPTION,  KWH 
PEAK  KW  DEMAND  (15  MIN  BASIS) 

PURCHASED  ELECTRIC  POWER 
ON-PEAK  CONSUMPTION  KWH 
ON-PEAK  KW  DEMAND  (15  MIN  BASIS) 

MID-PEAK  CONSUMPTION  KWH 
MID-PEAK  KW  DEMAND  (15  MIN  BASIS) 

OFF-PEAK  CONSUMPTION  KWH 
OFF-PEAK  KW  DEMAND  (15  MIN  BASIS) 

GENERATED  ELECTRICAL  POWER  KWH 
SOLD  ELECTRICAL  POWER  KWH 

AUXILIARY  FUEL  CONSUMPTION 


563059. 

286. 

563059. 

266. 

0. 

0. 

0. 

0. 

0. 

0. 


DIR.  PROC.  GAS  CONSUMP.,  1000  CF 
CHILLER  OPERATING  HOURS 


CHILLER  1 

BOILER  OPERATING  HOURS 

3672 

BOILER 

1 

3624 

BOILER 

2 

2807 

BOILER 

3 

348 

RECOVERABLE  HEAT  USED,  MBTU 
RECOVERABLE  HEAT  UNUSED,  MBTU 


PAGE  NO.  21 

**  TOTAL  ** 


D-914-35 


PC-CUBE  VERSION  2,0.3 

CENTRAL  PLANT  914  BOILER  ECO -9 

SYSTEM  Cl  COOLING  FOR  ALL  BLDGS  AND  HEATING  FOR  BLDG  914 


FUEL  AND  POWER  CONSUMPTION  SYSTEM  Cl 

TOTAL  GAS  CONSUMP. ,  1000  CU  FT  12837. 

PEAK  DAY  GAS  CONSUMP.,  1000  CU  FT  121. 

ELECTRICAL  CONSUMPTION,  KWH  563059. 

PEAK  KW  DEMAND  (15  MIN  BASIS)  286. 

PURCHASED  ELECTRIC  POWER 

CM^-PEAK  CONSUMPTION  KWH  563059. 

ON-PEAK  KW  DmmV>  (15  MIN  BASIS)  286, 

MID-PEAK  CONSUMPTION  KWH  0. 

MID-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

OFF-PEAK  CONSUMPTION  KWH  0. 

OFF-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

GENERATED  ELECTRICAL  POWER  KWH  0. 

SOLD  ELECTRICAL  POWER  KWH  0. 

AUXILIARY  FUEL  CONSUMPTION  0. 

DIR.  PROC.  GAS  CONSUME,,  1000  CF  0. 

CHILLER  OPERATING  HOURS 

CHILLER  1  3672 

BOILER  OPERATING  HOURS 

BOILER  1  3624 

BOILER  2  2785 

BOILER  3  256 

RECOVERABLE  HEAT  USED,  MBTU  0. 

RECOVERABLE  HEAT  UNUSED,  MBTU  0. 


PAGE  NO.  9 


**  TOTAL  ** 


D-914-36 


COST  ESTIMATE  ANALYSIS  INVITATION  NO./CONTRACT  NO.  EFFECTIVE  PRICING  DATE  PREPARED 

_ DACA59-90-C-0087  _ DATE  APR.  91 _  18-Apr-91 

PROJECT  ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER _  _  CODE  a|  X  |  CODE  b|  |  CODE  C  DRAWING  NO.  SHT  OF 

LOCATION  FT.  SILL.  OKLAHOMA  LJ  OTHER  _ _ 

_  ESTIMATOR  KC  CHECKED  BY  CEL 


SHIPPING 

Total 

Wt 

— 

Unit 

Wt 

TOTAL 

$1,152 

$2,880 

$5,760 

o 

CO 

"Cf 

o 

00 

00 

00 

CM 

00 

00 

CM 

o 

o 

(0 

■«A 

$1,152 

$480 

o 

00 

4A 

CO 

00 

CM 

00 

00 

CM 

$2,688 

$11,928 

$1,908 

$1,193 

$15,029  1 

$3,006 

$18,035 

$992  1 

$19,027 

< 

cc 

to 

O 

o 

$5,760 

O 

O 

(0 

$6,360 

00 

q 

(0 

CO 

(0 

$8,014 

$1 ,603 

$9,616 

Oi 

CM 

U) 

CA 

U) 

d 

UJ 

I- 

< 

Unit 

Price 

o 

CM 

0) 

$200 

EQUIPMENT 

to 

0 

o 

Unit 

Price 

QC 

to 

o 

o 

$1,152 

$2,880 

$480 

$480 

00 

00 

CM 

$288 

$1,152 

$480 

$480 

00 

00 

CM 

CO 

00 

CM 

•€» 

$5,568 

00 

$557 

$7,016 

CO 

o 

$8,419 

CO 

(0 

4A 

CM 

CO 

00 

co‘ 

4A 

Unit 

Price 

Oi 

CM 

CM 

CM 

't 

CM 

CM 

Tj- 

CM 

CM 

CM 

CM 

CM 

O 

CD 

3 

Total 

Hrs 

o 

cd 

O 

d 

CM 

O 

d 

CM 

O 

d 

CM 

O 

CM 

O 

CM 

O 

00 

O 

d 

CM 

O 

d 

CM 

O 

cvi 

O 

CM 

MH/ 

Unit 

o 

(b 

T— 

o 

d 

’t 

N 

(b 

N 

<b 

q 

q 

O 

(b 

r- 

(b 

(b 

q 

q 

Quantity 

Unit 

Meas 

m 

iS 

2 

iS 

Si 

iS 

^3 

ss 

Si 

TOTAL  THIS  SHEET  (WO/ANNUAL  RECC.  COST) 

No.  Of 

Units 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

o 

<b 

o 

d 

o 

d 

CM 

5.5% 

BOILER  ECO  BLDG.  914 

BOILER  RENOVATION 

TASK  DESCRIPTION 

RENOVATION  OF  BOILERS 

CLEAN  TUBES 

REBUILD  REFACTORY 

z 

o 

1“ 

fi 

ID 

CO 

z 

§ 

Ui 

z 

ADJUST  CONTROLS 

ACIDIZING 

CLEAN  ADJUST  BURNERS 

TEST  BOILERS 

NEW  INSTRUMENTS 

ANNUAL  RECURRING  COST 

CLEAN  TUBES 

ADJUST  CONTROLS 

ACIDIZING 

CLEAN  ADJUST  BURNERS 

TEST  BOILERS 

TOTAL 

SUBTOTAL 

Q 

Z 

O 

CD 

Q 

< 

111 

I 

GC 

UJ 

> 

O 

PROFIT 

COST  SUB- TOTAL 

CONTINGENCY 

SUBTOTAL 

% 

D-914-37 


DA  FORM  541  a-R,  APR  85 


LIFE  CYCLE  COST  ANALYSIS  SUMMARY  STUDY:  B914EC3 

ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP)  LCCID  1.035 

INSTALLATION  &  LOCATION:  FT.  SILL,  OKLAHOMA  REGION  NOS.  6  CENSUS:  3 

PROJECT  NO.  &  TITLE:  3002-000  ENERGY  SURVEY  OF  ARMY  BOILER/ CHILLERS 
FISCAL  YEAR  1991  DISCRETE  PORTION  NAME:  BOILER  RENOVATION 
ANALYSIS  DATE:  04-18-91  ECONOMIC  LIFE  25  YEARS  PREPARED  BY:  KC 


INVESTMENT 

A.  CONSTRUCTION  COST 

B.  SIOH 

C.  DESIGN  COST 

D.  ENERGY  CREDIT  CALC  ( lA+lB+lC ) X. 9 

E.  SALVAGE  VALUE  COST 

F.  TOTAL  INVESTMENT  (ID-IE) 

ENERGY  SAVINGS  (+)  /  COST  (-) 

ANALYSIS  DATE  ANNUAL  SAVINGS,  UNIT  COST  &  DISCOUNTED  SAVINGS 


UNIT  COST 
$/MBTU(l) 


SAVINGS 

MBTU/YR(2) 


A. 

ELECT 

$ 

4.01 

0. 

B. 

DIST 

$ 

.00 

0. 

C. 

RESID 

$ 

.00 

0. 

D. 

NAT  G 

$ 

2.92 

500. 

E. 

COAL 

$ 

.00 

0. 

F- 

TOTAL 

500. 

ANNUAL  $ 
SAVINGS ( 3 ) 

$  0. 

$  0. 

$  0. 

$  1460. 

$  0. 

$  1460. 


DISCOUNT 

FACTOR(4) 

11.37 

17.06 

16.85 

17.52 

13.34 


18035. 

992. 

1082. 

18098. 

0. 

18098. 


DISCOUNTED 
SAVINGS ( 5 ) 

0. 

0. 

0. 

25579. 

0. 

$  25579. 


NON  ENERGY  SAVINGS (+)  /  COST(-) 

A.  ANNUAL  RECURRING  (+/-)  ^  -3000. 

(1)  DISCOUNT  FACTOR  (TABLE  A)  11.65 

(2)  DISCOUNTED  SAVING/COST  (3A  X  3A1)  $  -34950. 

C.  TOTAL  NON  ENERGY  DISCOUNTED  SAVINGS (+)  /COST(-)  (3A2+3Bd4)  $  -34950. 


D.  PROJECT  NON  ENERGY  QUALIFICATION  TEST 

(1)  25%  MAX  NON  ENERGY  CALC  (2F5  X  .33)  $  8441. 

A  IF  3D1  IS  =  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  =  (2F5+3D1)/1F)=  _ 

C  IF  3D1B  IS  =  >  1  GO  TO  ITEM  4 

D  IF  3D1B  IS  <  1  PROJECT  DOES  NOT  QUALIFY 

4.  FIRST  YEAR  DOLLAR  SAVINGS  2F3+3A+ ( 3B1D/ ( YEARS  ECONOMIC  LIFE))  $ 

5.  TOTAL  NET  DISCOUNTED  SAVINGS  (2F5+3C)  $ 

6.  DISCOUNTED  SAVINGS  RATIO  (SIR)=(5  /  1F)=  -.52 

(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 

7.  SIMPLE  PAYBACK  PERIOD  (ESTIMATED)  SPB=lF/4  -11.75 


-3000. 

-34950. 


-1540. 


-9371. 


D-914-38 


CENTRAL  PLANT  2812 


ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 
FT.  SILL,  OKLAHOMA 

CENTRAL  PLANT:  2812 

ENERGY  CONSERVATION  OPPORTUNITY:  ECO-  3 

SYSTEM  MODIFICATION:  REPLACE  EXISTING  CHILLER 
SYSTEMS  TO  MODIFY:  CHILLER  1 


CALCULATION  DESCRIPTION: 

Two  PC-CUBE  program  computer  runs  are  compared  to  determine  the  energy  savings  for 
ECO-3,  renovate  or  replace  existing  chillers. 

The  first  computer  run  (Baseline)  is  a  simulation  of  the  existing  structure,  equipment,  and 
systems,  and  how  they  are  presently  operated.  The  second  computer  run  (ECO)  is  also  a 
simulation  of  the  existing  building  with  modifications  implemented  in  the  systems,  equipment, 
or  the  operation.  The  difference  in  the  totals  from  the  two  computer  runs  represents  the  savings. 


ANNUAL  UTILITY  SAVINGS 


E 

lectric 

Nat.  Gas 

Total  Energy 

PC  CUBE  RUN 

Demand(kW) 

Energv(kWh) 

(MMBtu) 

(MMBtu) 

Baseline 

192 

480,000 

— 

1,638 

ECO 

150 

408,000 

— 

1,393 

Savinas  (Baseline-ECO) 

42 

72.000 

0 

246 

NOTE:  The  savings  for  this  ECO  did  not  consider  any  interrelated  savings  with  other 

ECOs  identified  as  economically  feasible. 


ENERGY  COST  SAVINGS: 
Electricity: 

Nat.  Gas; 

Total  Energy  Cost  Savings: 


246  MMBtuA'r  X 

0  MMBtum  X 

$986  + 


NON -ENERGY  SAVINGS  (+).  COST  (-): 


Demand: 


42  kW/month 


$4.0141  /MMBtu  = 
$2.92/MMBtu  = 
$0 

$1.787/kW  X 


$986  per  year 
$0  per  year 
$986  per  year 

12  months/year 


=  (+) 

$901  per  year 

Maintenance; 

=  (-) 

$3,000  per  year 

Total: 

$901 

$3,000 

($2,099)  per  year 

[ECO-SHT.WK3I 


D-2812-1 


PC-CUBE  VERSION  2.0.3 


CENTRAL  PLANT  2812  BASELINE- 1 

SYSTEM  Cl  HEATING,  COOLING,  DOMESTIC  HW,  AND  DIST.  LOSS 
FUEL  AND  POWER  CONSUMPTION  SYSTEM  Cl 


TOTAL  GAS  CONSUMP. ,  1000  CU  FT 
PEAK  DAY  GAS  CONSUMP.,  1000  CU  FT 


27450. 

237. 


ELECTRICAL  CONSUMPTION,  KWH 
PEAK  KW  DEMAND  (15  MIN  BASIS) 
PURCHASED  ELECTRIC  POWER 
ON-PEAK  CONSUMPTION  KWH 
ON-PEAK  KW  DEMAND  (15  MIN  BASIS) 
MID-PEAK  CONSUMPTION  KWH 
MID-PEAK  KW  DEMAND  (15  MIN  BASIS) 
OFF-PEAK  CONSUMPTION  KWH 
OFF-PEAK  KW  DEMAND  (15  MIN  BASIS) 
GENERATED  ELECTRICAL  POWER  KWH 
SOLD  ELECTRICAL  POWER  KWH 


479788. 

192. 

479788. 

192. 

0. 

0. 

0. 

0. 

0. 

0. 


AUXILIARY  FUEL  CONSUMPTION 


DIR.  PROC.  GAS  CONSUMP.,  1000  CF 
CHILLER  OPERATING  HOURS 
CHILLER  1 

BOILER  OPERATING  HOURS 
BOILER  1 
BOILER  2 


0. 


3672 

3624 

3027 


RECOVERABLE  HEAT  USED,  MBTU 
RECOVERABLE  HEAT  UNUSED,  MBTU 


PAGE  NO. 


**  TOTAL  ** 


20 


D-2812-2 


PC-CUBE  VERSION  2.0.3 


PAGE  NO 


8 


CENTRAL  PLANT  2812  CHILLER  ECO-3 

SYSTEM  Cl  HEATING,  COOLING,  DOMESTIC  HW,  AND  DIST.  LOSS 


FUEL  AND  POWER  CONSUMPTION  SYSTEM  Cl 

TOTAL  GAS  CONSUME.,  1000  CU  FT  27450. 

PEAK  DAY  GAS  CONSUME.,  1000  CU  FT  237. 

ELECTRICAL  CONSUMPTION,  KWH  407782. 

PEAK  KW  DEMAND  (15  MIN  BASIS)  150. 

PURCHASED  ELECTRIC  POWER 

ON-PEAK  CONSUMPTION  KWH  407782. 

ON-PEAK  KW  DEMAND  (15  MIN  BASIS)  150. 

MID-PEAK  CONSUMPTION  KWH  0. 

MID-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

OFF-PEAK  CONSUMPTION  KWH  0. 

OFF-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

GENERATED  ELECTRICAL  POWER  KWH  0. 

SOLD  ELECTRICAL  POWER  KWH  0. 

AUXILIARY  FUEL  CONSUMPTION  0. 

DIR.  PROC.  GAS  CONSUMP.,  1000  CF  0. 

CHILLER  OPERATING  HOURS 

CHILLER  1  3672 

BOILER  OPERATING  HOURS 

BOILER  1  3624 

BOILER  2  3027 

RECOVERABLE  HEAT  USED,  MBTU  0. 

RECOVERABLE  HEAT  UNUSED,  MBTU  0. 


**  TOTAL  ** 
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LIFE  CYCLE  COST  ANALYSIS  SUMMARY  STUDY:  C2812EC3 

ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP)  LCCID  1.035 

INSTALLATION  &  LOCATION:  FT.  SILL,  OKLAHOMA  REGION  NOS.  6  CENSUS:  3 

PROJECT  NO.  &  TITLE:  3002-000  ENERGY  STUDY  ARMY  BOILER/ CHILLERS 
FISCAL  YEAR  1991  DISCRETE  PORTION  NAME:  CHILLER  REPLACEMENT 
ANALYSIS  DATE:  04-09-91  ECONOMIC  LIFE  25  YEARS  PREPARED  BY:  KC 


1.  INVESTMENT 

A.  CONSTRUCTION  COST 

B.  SIOH 

C.  DESIGN  COST 

D.  ENERGY  CREDIT  CALC  (1A+1B+1C)X.9 

E.  SALVAGE  VALUE  COST 

F.  TOTAL  INVESTMENT  (ID-IE) 


$ 

$ 

$ 

$ 

-$ 

$ 


2.  ENERGY  SAVINGS  (+)  /  COST  (-) 

ANALYSIS  DATE  ANNUAL  SAVINGS,  UNIT  COST  &  DISCOUNTED  SAVINGS 


89947. 

4947. 

5397. 

90262. 

0. 

90262. 


UNIT  COST 

SAVINGS 

ANNUAL  $ 

DISCOUNT 

DISCOUNTED 

FUEL 

$/MBTU(l) 

MBTU/YR(2) 

SAVINGS ( 3 ) 

FACTOR(4) 

SAVINGS(5) 

A. 

ELECT 

$  4.01 

246. 

$ 

986. 

11.37 

11216. 

B. 

DIST 

$  .00 

0. 

$ 

0. 

17.06 

0. 

C. 

RESID 

$  .00 

0. 

$ 

0. 

16.85 

0. 

D. 

NAT  G 

$  2.92 

0. 

$ 

0. 

17.52 

0. 

E. 

COAL 

$  .00 

0. 

$ 

0. 

13.34 

0. 

F. 

TOTAL 

246. 

$ 

986. 

$  11216. 

NON 

ENERGY 

SAVINGS (+)  / 

COST(“) 

A. 

ANNUAL 

RECURRING  (+/ 

$  -2099. 

(1)  DISCOUNT  FACTOR 

(TABLE  A) 

11.65 

(2)  DISCOUNTED  SAVING/COST  (3A  X 

3A1) 

$  -24453. 

C.  TOTAL  NON  ENERGY  DISCOUNTED  SAVINGS(+)  /COST(-)  (3A2+3Bd4)  $  -24453. 


D.  PROJECT  NON  ENERGY  QUALIFICATION  TEST 

(1)  25%  MAX  NON  ENERGY  CALC  (2F5  X  .33)  $  3701. 

A  IF  3D1  IS  =  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  =  ( 2F5+3D1 ) /IF) =  _ 

C  IF  3D1B  IS  =  >  1  GO  TO  ITEM  4 

D  IF  3D1B  IS  <  1  PROJECT  DOES  NOT  QUALIFY 

4.  FIRST  YEAR  DOLLAR  SAVINGS  2F3+3A+ ( 3B1D/ (YEARS  ECONOMIC  LIFE))  $  -1113. 

5.  TOTAL  NET  DISCOUNTED  SAVINGS  (2F5+3C)  $  -13238. 

6.  DISCOUNTED  SAVINGS  RATIO  (SIR)=(5  /  1F)=  -.15 

(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 

7.  SIMPLE  PAYBACK  PERIOD  (ESTIMATED)  SPB=lF/4  -81.13 
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ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 
FT.  SILL,  OKLAHOMA 


CENTRAL  PLANT:  2812 

ENERGY  CONSERVATION  OPPORTUNITY:  ECO-  4 

SYSTEM  MODIFICATION:  INSTALL  ICE  STORAGE  COOLING  SYSTEM 
SYSTEMS  TO  MODIFY: 


CALCULATION  DESCRIPTION: 

Hand  calculation  sheet  was  prepared  to  determine  the  energy  savings  for 
ECO -4,  install  ice  storage  system  for  HVAC  cooling. 

It  was  estimated  that  the  peak  electrical  demand  can  be  saved  by  installing  ice  storage 
cooling  system. 


ANNUAL  UTILITY  SAVINGS 


Baseline _ 

ECO _ 

I  Savinas  (Baseline-ECOI 


Electric 

Demand(kW) 

Energv(kWh) 

— 

— 

— 

— 

301 

0 

(MMBtu) 


Total  Energy 
(MMBtu) 

0 

0 

0 _ 


NOTE:  The  savings  for  this  ECO  did  not  consider  any  interrelated  savings  with  other 

ECOs  identified  as  economically  feasible. 


ENERGY  COST  SAVINGS: 

Electricity: 

Nat.  Gas: 

Total  Energy  Cost  Savings: 


0  MMBtu/Yr  X  $4.0141  /MMBtu  = 


0  MMBtuA'r  X 
$0  + 


NON-ENERGY  SAVINGS  (+),  COST  (-): 


$2.92 /MMBtu  = 
$0 


Demand: 

Maintenance: 

Total: 


301  kW/month  X  $1.787/kW  X 
(+)  $6,455  per  year 

(-)  $0  per  year 

$6,455  -  $0  = 


$0  per  year 
$0  per  year 
$0  per  year 

12  months/year 


$6,455  per  year 


IECO-SHT.WK31 
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A  new  application  of  an  old  idea  that  can 
cut  air  conditioning  energy  costs  in  half. 


'1 


Air  conditioning  during  summer  daytime  hours 
is  the  largest  single  contributor  to  utility 
“peak  demand"  charges.  After  noon,  as  more  air 
conditioners  are  needed  to  maintain  comfortable 
temperatures,  the  increased  demand  for  electricity 
adds  to  that  already  created  by  lighting,  operating 
equipment,  computers  and  thousands  of  other 
uses.  This  requires  the  utility  to  bring  additional, 
more  costly  generating  sources  on  line  to  handle 
its  increased  demand.  Commercial  users  whose 
large  air  conditioning  loads  contribute  to  these 
added  generating  requirements  are  assessed  an 
additional  charge  based  on  their  highest  on-peak 
demand  for  electricity. 

An  Ice  Bank  Stored  Cooling  System  is  either  a 
load-shifting  or  load-leveling  method  which  will 
significantly  lower  demand  charges  during  the 
air  conditioning  season  and,  consequently, 
energy  costs.  It  uses  a  standard  packaged  chiller 
to  produce  solid  ice  at  night  during  off-peak 
periods  when  the  building’s  electrical  needs  are 
at  a  minimum.  The  ice  is  built  and  stored  in 
modular  ice  tanks  to  provide  cooling  to  help  meet 
the  building’s  air  conditioning  load  requirement 
the  following  day. 


Making  ioe  at  night  and  using  its  stored  energy 
during  the  day  is  not  a  new  or  experimental  idea. 
This  concept  had  been  employed  for  years  in 
cooling  short-peak  applications  such  as  churches 
and  theatres.  However,  longer  peak  uses  were 
served  by  air-source  rooftop  and  chiller-type 
air  conditioners  which  were  less  costly  to  install. 
Now  there  is  renewed  interest  in  a  broad  use  of 
ice-making  systems  by  both  users  and  utilities 
as  the  best  way  to  offset  rising  operating  costs. 

In  fact.  Stored  Cooling  Systems  are  what  summer- 
peaking  utilities  must  have  to  avoid  the  unbearable 
costs  of  new  generating  plants. 

Ice  Banks  not  only  can  cut  operating  costs  in  half 
but  they  can  also  substantially  reduce  capital 
outlays  when  systems  are  suitably  designed  for 
new  commercial  and  industrial  buildings. 
Engineers  can  specify  half-size  chillers  operating 
24  hours  a  day  rather  than  full-size  chillers 
operating  only  10  or  12  hours  per  day.  In  retrofit 
applications,  an  Ice  Bank  Stored  Coofng  System 
can  often  provide  oooling  for  an  addition  to  a 
building  without  adding  chiller  capacity. 


Atlantic  South6rn  ProD6rti6S  Mavs  Landino  NJ 
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How  the  LEVLOAD  System  Works 


I 


The  LEVLOAD  Ice  Bank  is  a  modular,  insulated  polyethylene 
tank  containing  a  spiral-wound  plastic  tube  heat  exchanger 
surrounded  with  water.  They  are  available  in  four  sizes- 90, 
100, 190  and  570  ton-hours.  At  night,  a  75  percent  water - 
25  percent  glycol  solution  from  a  standard  packaged  air 
conditioning  chiller  circulates  through  the  heat  exchanger 
and  extracts  heat  until  eventually  all  the  water  in  the  tank 
is  frozen  solid.  The  ice  is  built  uniformly  throughout  the  tank 
by  the  patented  temperature-averaging  effect  of  closely 
spaced  counterflow  heat  exchanger  tubes.  Figure  5.  Water 
does  not  become  surrounded  by  ice  during  the  freezing 
process  and  can  move  freely  as  ice  forms,  preventing 
stress  or  damage  to  the  tank. 


Return  Headers  .  .  Supply  Headers 


Figure  5 


Typical  flow  diagrams  for  a  Partial  Storage  System  are 
shown  in  Figures  6  and  7. 

At  night,  the  water-glycol  solution  circulates  through  the 
chiller  and  the  Ice  Bank  heat  exchanger,  bypassing  the 
air  handler  coil.  The  fluid  is  at  26F  and  freezes  the  water 
surrounding  the  heat  exchanger. 

During  the  day,  the  solution  is  cooled  by  the  Ice  Bank  from 
52F  to  34F.  A  temperature  modulating  valve  set  at  44F  in  a 
bypass  loop  around  the  Ice  Bank  permits  a  sufficient  quantity 
of  52F  fluid  to  bypass  the  Ice  Bank,  mix  with  the  34F  fluid, 
and  achieve  the  desired  44F  temperature.  The  44F  fluid 
enters  the  coil,  where  it  cools  air  from  75F  to  55F.  The  fluid 
leaves  the  coil  at  60Fi  enters  the  chiller  and  is  cooled  to  52F 

It  should  be  noted  that,  while  making  ice  at  night,  the 
chiller  must  cool  the  water-glycol  solution  to  26F;  rather 
than  produce  44  or  45F  water  temperatures  required  for 
conventional  air  conditioning  systems.  This  has  the  effect 
of  “derating"  the  nominal  chiller  capacity  by  approximately 
30  percent.  Compressor  efficiency,  however,  is  only  slightly 
reduced  because  lower  nighttime  temperatures  result  in 
cooler  condenser  water  from  the  cooling  tower  and  help 
keep  the  unit  operating  efficiently.  Similarly,  air  cooled 
chillers  benefit  from  cooler  condenser  entering  air 
temperatures  at  night 

The  temperature  modulating  valve  in  the  bypass  loop  has 
the  added  advantage  of  providing  unlimited  capacity 
control.  During  many  mild  temperature  days  in  the  spring 
and  fall,  the  chiller  will  be  capable  of  providing  all  the 
necessary  cooling  for  the  building  without  assistance  from 
stored  cooling.  When  the  building’s  actual  cooling  load  is 
equal  to  or  lower  than  the  chiller  capacity,  all  of  the  system 
coolant  flows  through  the  bypass  loop,  as  in  Figure  8. 


The  glycol  recommended  for  the  solution  is  an  ethylene 
glycol-based  industrial  coolant  such  as  Dow  Chemical 
Company’s  Dowtherm*  SR-1  or  Union  Carbide  Corporation’s 
UCARTHERMf  which  are  specially  formulated  for  low 
viscosity  and  superior  heat  transfer  properties.  These  contain 
a  multi-component  corrosion  inhibitor  system  which  is 
effective  with  most  materials  of  construction,  including 
aluminum,  copper,  solder  and  plastics.  Unlike  automotive- 
type  anti-freeze,  they  produce  no  films  and  contain  no 
anti-leak  agents  to  interfere  with  heat  transfer  efficiency 
and  permit  use  of  standard  system  pumps,  seals  and  air 
handler  coils.  However,  because  of  the  slight  difference  in 
heat  transfer  coefficient  between  water-glycol  and  plain 
water,  coil  capacity  should  be  increased  by  approximately 
5  percent.  It  is  also  important  that  the  water  and  glycol  be 
thoroughly  mixed  before  the  solution  enters  the  system. 
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LIFE  CYCLE  COST  ANALYSIS  SUMMARY  STUDY:  2812EC4 

ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP)  LCCID  1.035 

INSTALLATION  &  LOCATION:  FT.  SILL,  OKLAHOMA  REGION  NOS.  6  CENSUS:  3 

PROJECT  NO.  &  TITLE:  3002-000  ENERGY  STUDY  ARMY  BOILER/CHILLERS 
FISCAL  YEAR  1991  DISCRETE  PORTION  NAME:  ICE  STORAGE  COOLING  SYSTEM 
ANALYSIS  DATE:  04-18-91  ECONOMIC  LIFE  25  YEARS  PREPARED  BY:  KC 

1 .  INVESTMENT 

A.  CONSTRUCTION  COST 

B.  SIOH 

C.  DESIGN  COST 

D.  ENERGY  CREDIT  CALC  ( lA+lB+lC ) X . 9 

E.  SALVAGE  VALUE  COST 

F.  TOTAL  INVESTMENT  (ID-IE) 

2.  ENERGY  SAVINGS  (+)  /  COST  (-) 

ANALYSIS  DATE  ANNUAL  SAVINGS,  UNIT  COST  &  DISCOUNTED  SAVINGS 


UNIT  COST 

SAVINGS 

ANNUAL 

$ 

DISCOUNT 

DISCOUNTED 

FUEL 

$/MBTU(l) 

MBTU/YR(2) 

SAVINGS 

(3) 

FACTOR(4) 

SAVINGS ( 5 ) 

A, 

ELECT 

$ 

4,01 

0. 

$ 

0. 

11.37 

0. 

B. 

DIST 

$ 

.00 

0. 

$ 

0. 

17.06 

0. 

C. 

RESID 

$ 

.00 

0. 

$ 

0. 

16.85 

0. 

D. 

NAT  G 

$ 

2.92 

0. 

$ 

0. 

17.52 

0. 

E. 

COAL 

$ 

.00 

0. 

$ 

0. 

13.34 

0. 

F. 

TOTAL 

0. 

$ 

0. 

$  0. 

3.  NON  ENERGY  SAVINGS (+)  /  COST(-) 

A.  ANNUAL  RECURRING  (+/-)  $  6455. 

(1)  DISCOUNT  FACTOR  (TABLE  A)  11.65 

(2)  DISCOUNTED  SAVING/COST  (3A  X  3A1 )  $  75201. 

C.  TOTAL  NON  ENERGY  DISCOUNTED  SAVINGS (+)  /COST(-)  (3A2+3Bd4)  $  75201. 

D.  PROJECT  NON  ENERGY  QUALIFICATION  TEST 

(1)  25%  MAX  NON  ENERGY  CALC  (2F5  X  .33)  $ 

A  IF  3D1  IS  =  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  =  ( 2F5+3D1 ) /IF) 

C  IF  3D1B  IS  =  >  1  GO  TO  ITEM  4 

D  IF  3D1B  IS  <  1  PROJECT  DOES  NOT  QUALIFY 

4.  FIRST  YEAR  DOLLAR  SAVINGS  2F3+3A+(3B1D/ (YEARS  ECONOMIC  LIFE))  $  6455. 

5.  TOTAL  NET  DISCOUNTED  SAVINGS  (2F5+3C)  $  75201. 

6.  DISCOUNTED  SAVINGS  RATIO  (SIR)=(5  /  1F)=  .84 

(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 

****  Project  does  not  qualify  for  ECIP  funding;  4,5,6  for  information  only. 

7.  SIMPLE  PAYBACK  PERIOD  (ESTIMATED)  SPB=lF/4  13.88 


$  89280. 

$  4911. 

$  5357. 

$  89593. 

-$  0. 

$  89593. 
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ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 
FT.  SILL,  OKLAHOMA 

CENTRAL  PLANT:  2812 

ENERGY  CONSERVATION  OPPORTUNITY:  ECO-  5(A) 

SYSTEM  MODIFICATION:  TWO  SPEED  FANS  FOR  COOLING  TOWER 
SYSTEMS  TO  MODIFY:  COOLING  TOWER 


CALCULATION  DESCRIPTION: 

Two  spread  sheets  are  compared  to  determine  the  energy  savings  for 

ECO -5,  install  two -speed  (5A)  or  variable  speed  (5B)  motors  for  cooling  tower. 

The  spread  sheets  is  a  simulation  of  the  existing  structure,  equipment,  and 

systems,  and  how  they  are  presentiy  operated.  The  spread  sheets  is  also  a 

simulation  of  the  existing  building  with  modifications  impiemented  in  the  systems,  equipment, 

or  the  operation.  The  difference  in  the  totals  from  the  spread  sheets  represents  the  savings. 


ANNUAL  UTILITY  SAVINGS 


PC  CUBE  RUN 

Electric 

Nat.  Gas 
(MMBtu) 

Total  Energy 
(MMBtu) 

Deman  d(kW) 

Energy(kWh) 

Baseline 

— 

17,273 

— 

59 

ECO 

— 

8,713 

— 

30 

Savinas  (Baseline -ECO) 

0 

8.560 

0 

29 

NOTE:  The  savings  for  this  ECO  did  not  consider  any  interrelated  savings  with  other 

ECOs  identified  as  economically  feasible. 


ENERGY  COST  SAVINGS: 

Electricity: 

29  MMBtuA'r  X 

$4.0141  /MMBtu  = 

$117  per  year 

Nat.  Gas: 

0  MMBtuA'r  X 

$2.92 /MMBtu  = 

$0  per  year 

Total  Energy  Cost  Savings: 

$117  + 

$0 

$117  per  year 

NON-ENERGY  SAVINGS  (+),  COST  (-): 

Demand: 

0  kW/month  X 

$1 .787  /kW  X 

12  months/year 

=  (+) 

$0  per  year 

Maintenance:  =  (-) 

$0  per  year 

Total: 

$0 

$0 

$0  per  year 

[BCO-SHT.WK3] 
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Two-speed  cooling  tower  and  variable  speed  cooling  tower  calculation  description: 


1.  The  design  conditions  were  taken  from  the  original  design  documents,  including  wet 
bulb  temperatures,  condenser  water  flow,  and  condenser  supply  and  return 
temperatures. 

2.  Based  on  an  assumed  liquid  to  gas  ratio,  the  delta  enthalpy  was  calculated  for  entering 
air  versus  leaving  air  conditions.  The  final  total  enthalpy  of  the  leaving  air  was 
calculated  based  on  the  design  entering  air  enthalpy  plus  the  delta  enthalpy. 

3.  The  fan  motor  kW  is  based  on  field  measurements. 

4.  The  "WET  BULB  AVERAGES"  are  the  wet  bulb  temperatures  calculated  for  4  hour  bins, 
for  each  cooling  month,  from  ASHRAE  weather  data  for  Oklahoma  City,  Oklahoma 
(part  1). 

5.  The  "ENTHALPY  FOR  AVERAGE  WET  BULBS"  are  the  enthalpy  for  each  of  the  wet- 
bulb  (part  1.),  determined  from  look-up  tables  (part  2). 

6.  The  "COOLING  PROFILE  OF  CENTRAL  PLANTS,"  is  the  average  %  load  estimated  for 
the  chiller  plant,  for  the  time  bins  (part  3).  Note  there  is  0%  load  for  those  hours  when 
the  chiller  is  assumed  to  be  off. 

The  "PEAK  LOAD"  per  month  is  the  estimated  peak  hourly  load  (part  3,  last  column). 

7.  The  "RATIO  OF  AVERAGE  MONTHLY  ENTHALPY  TO  DESIGN  ENTHALPY"  for  time 
bins  (part  4)  = 

(Total  exit  air  design  enthalpy  minus  average  monthly  enthalpy,  part  2)  /  (entering  air 
design  enthalpy) 

The  "DAYS  PER  MONTH  OPER."  is  the  total  days  per  month  the  cooling  tower 
operates  (part  4,  last  columm). 

8.  The  "%  DESIGN  LOAD"  on  tower  for  time  bins  (part  5)  = 

(%  load  on  plant,  part  3  *  monthly  peak  load,  part  3)  /  (  Highest  monthly  peak  load, 
part  3)  *  ( 1  /  ratio  of  monthly  enthalpy,  part  4) 

9.  For  a  single  speed  cooling  tower  fan  the  energy  usage  (kWh)  is  based  on  the  idea  that 
the  tower  fan  cycle  in  direct  proportion  to  the  %  design  load  on  the  tower,  (part  6)  = 

kWh  per  bin  =  (total  fan  power  kW)  *  (%  design  load,  part  5*4  hours  per  bin  *  days 
per  month) 

Total  kWh  =  sum  of  all  kWh  bins 
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10.  For  a  two-speed  cooling  tower  fan  the  energy  usage  (kWh)  is  based  on  the  premise  that 
when  a  tower  cell  is  at  less  than  50%  of  its  design  load,  it  operates  at  half  speed.  A  fan 
running  at  half  speed  uses  14%  of  the  maximum  power  input  (part  7).  The  control 
sequence  is: 

•  0-50%  load,  fan  1,  half  speed  cycling. 

•  50-1007o  load,  fan  1  full  speed  cycling. 

kWh  per  bin,  for  %  design  loads  less  than  50%  load  =  (fan  1  power  kW)  *  14%  * 
(%design  load  /  50)  *  4  hours  per  bin  *  days  per  month. 

kWh  per  bin,  for  %  design  loads  50%  to  100%  load  =  ( fan  1  power  kW  *  ((%  design 
load)/  100)  *  4  hours  per  bin  *  days  per  month  ) 

kWh  total  =  sum  of  all  kWh  bins 


11.  For  a  variable  speed  cooling  tower  fan  the  energy  usage  (kWh)  is  based  on  the  premise 
that  the  tower  fan  percent  air  volume  is  directly  proportional  to  the  percent  load  on  the 
cooling  tower;  and  the  fan  energy  is  proportational  to  the  cube  of  the  air  volume.  The 
calculations  take  into  account  multi-cell  towers  (part  8): 

kWh  per  bin,  for  0  to  100%  load  =  (  total  fan  power  kW)  *  ((%  design  load)^  /  80% 
efficiency  )  *  4  hours  per  bin  *  days  per  month. 

kWh  total  =  sum  of  all  kWh  bins 
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CENTRAL  PLANT  2812 

DESIGN  CONDITIONS 

-  WBT  (DB,  DEG  R 

76 

-  WATER  FLOW  (qpm) 

2600 

-  CNWR  (DEG  F) 

95 

-  CNWS  (DEG  R 

85 

ASSUMPTION  LIQUID  TO  GAS  RATIO 

2 

-  AIR  FLOW  (LBS/MIN) 

10790 

HEAT  REJECTION  CAPACITY  (Btu/min) 

215800 

DELTA  ENTHALPY  (Btu/lb) 

20 

DESIGN  ENTHALPY  (Btu/lb) 

39.57 

TOTAL  ENTHALPY 

59.57 

EXIT  AIR  WB  (LOOKUP) 

93.2 

SPECIFIC  VOLUME  OF  EXIT  AIR  (LOOK  UP) 

15.1 

1 00%  DESIGN  CFM  @  WB 

162929 

MOTOR  DATA 

-  FAN  1  POWER  (kW) 

11.8 

-  FAN  2  POWER  (kW) 

0 

ASHRAE  WEATHER  DATA  -  OKLAHOMA  CITY.  OKLAHOMA 


WET-BULB  AVERAGES 

DESIGN 

WB 

1-4 

00 

I 

in 

9-12 

13-16 

17-20 

21-24 

APRIL 

48.6 

47.8 

52.2 

55.6 

54.6 

51.4 

76 

MAY 

57.1 

56.6 

61.2 

63.9 

63 

59.4 

76 

JUNE 

66.8 

66.6 

69.9 

71 

70.5 

68.2 

76 

JULY 

70.8 

70.9 

74.5 

76 

74.9 

72.6 

76 

AUGUST 

66.9 

67 

71 

72 

71 

68.5 

76 

SEPTEMBER 

65.1 

64.9 

67.8 

68.9 

67.4 

65.6 

76 

OCTOBER 

51.2 

50.4 

55.1 

57.5 

55.2 

52.5 

76 

ENTHALPY  FOR  AVERAGE  WET-BUL 

BS 

DESIGN 

ENTHALPY 

1-4 

GO 

1 

in 

9-12 

13-16 

17-20 

21  -24 

APRIL 

19.64 

19.11 

21.55 

23.58 

22.98 

21.09 

39.57 

MAY 

24.53 

24.21 

27.28 

29.23 

28.57 

26.06 

39.57 

JUNE 

31.47 

31.31 

34.01 

34.95 

34.51 

32.59 

39.57 

JULY 

34.77 

34.86 

38.14 

39.57 

38.52 

36.37 

39.57 

AUGUST 

31 .54 

31.62 

34.95 

35.83 

34.95 

32.84 

39.57 

SEPTEMBER 

30.13 

29.98 

32.25 

33.09 

31 .93 

30.52 

39.57 

OCTOBER 

20.98 

20.53 

23.28 

24.72 

23.34 

21.72 

39.57 
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PEAK 

LOAD 

COOLING  PROFILE  OF  C 

ENTRAL  PLANTS 

1-4 

5-8 

9-12 

13-16 

17-20 

21-24 

(Btuh) 

APRIL 

0 

0 

0 

0 

0 

0 

0 

MAY 

0.3 

0.3 

0.5 

0.7 

0.9 

0.5 

3740000 

JUNE 

0.3 

0.3 

0.5 

0.7 

0.9 

0.5 

4365000 

JULY 

0.3 

0.3 

0.5 

0.7 

0.9 

0.5 

4392000 

AUGUST 

0.3 

0.3 

0.5 

0.7 

0.9 

0.5 

4391000 

SEPTEMBER 

0.3 

0.3 

0.5 

0.7 

0.9 

0.5 

4329000 

OCTOBER 

0 

0 

0 

0 

0 

0 

0 

RATIO  OF  MONTHLY  ENl 

rHALPYTO  DESIGN  ENTHALPY 

DAYS  PER 
MONTH  OPER. 

1-4 

5-8 

9-12 

13-16 

17-20 

21-24 

APRIL 

2.0 

2.0 

1.9 

1.8 

1.8 

1.9 

30 

MAY 

1.8 

1.8 

1.6 

1.5 

1.6 

1.7 

31 

JUNE 

1.4 

1.4 

1.3 

1.2 

1.3 

1.3 

30 

JULY 

1.2 

1.2 

1.1 

1.0 

1.1 

1.2 

31 

AUGUST 

1.4 

1.4 

1.2 

1.2 

1.2 

1.3 

31 

SEPTEMBER 

1.5 

1.5 

1.4 

1.3 

1.4 

1.5 

30 

OCTOBER 

1.9 

2.0 

1.8 

1.7 

1.8 

1.9 

31 

1  %  DESIGN  LOAD 

DAYS  PER 

MONTH  OPER. 

1-4 

5-8 

9-12 

13-16 

17-20 

21-24 

APRIL 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

30 

MAY 

14.6 

14.5 

26.5 

39.5 

49.8 

25.6 

31 

JUNE 

21.4 

21.2 

39.1 

56.9 

71.8 

37.1 

30 

JULY 

24.3 

24.4 

47.0 

70.4 

86.0 

43.4 

31 

AUGUST 

21.5 

21.6 

40.9 

59.3 

73.5 

37.6 

31 

SEPTEMBER 

20.2 

20.1 

36.3 

52.4 

64.6 

34.1 

30 

OCTOBER 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

31 

SINGLE  SPE 

ED  COOLING  TOWER  CYCLING  (kWh' 

_ 

TOTAL 

(kWh) 

1-4 

5-8 

9-12 

13-16 

17-20 

21-24 

APRIL 

0 

0 

0 

0 

0 

0 

MAY 

213 

213 

388 

579 

728 

374 

JUNE 

302 

301 

554 

805 

1017 

525 

JULY 

356 

357 

687 

1031 

1259 

635 

AUGUST 

315 

316 

598 

868 

1076 

551 

SEPTEMBER 

286 

285 

514 

742 

915 

483 

OCTOBER 

0 

0 

0 

0 

0 

0 

TOTAL 

1473 

1472 

2741 

4025 

4995 

2568 

17273 
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TWO  SPEED  COOLING  TOWER  CYCLING  (kWh) 


1-4 

5-8 

9-12 

APRIL 

0 

0 

0 

MAY 

60 

60 

109 

JUNE 

85 

84 

310 

JULY 

100 

100 

385 

AUGUST 

88 

88 

335 

SEPTEMBER 

80 

80 

144 

OCTOBER 

0 

0 

0 

TOTAL 

412 

412 

1282 

13-16 

_ ^ 

162 

393 

803 

478 

267 

_ 

2102 


17-20 

_ g^ 

204 

816 

1260 

894 

611 

_ g 

3785 


21-24 

_ ^g^ 

105 

147 

178 

154 

135 

_ g^ 

719 


VARIABLE  SPEED  COOLING  TOWER  CYCLING  (kV 


1-4 

5-8 

9-12 

13-16 

17-20 

21-24 

APRIL 

0 

0 

0 

0 

0 

0 

MAY 

6 

6 

34 

113 

225 

31 

JUNE 

17 

17 

106 

325 

656 

90 

JULY 

26 

27 

189 

639 

1165 

149 

AUGUST 

18 

18 

125 

382 

728 

97 

SEPTEMBER 

15 

14 

85 

255 

477 

70 

OCTOBER 

^  0^ 

0 

0 

0 

0 

0 

TOTAL 

82 

82 

539 

1715 

3251 

438 
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DATE  PREPARED 

08-Apr-91 

SHT  OF 

CHECKED  BY  CEL 

0 

Total 

Wt 

i 

z 

Ql 

X 

<0 

Unit 

Wt 

EFFECTIVE  PRICING 

DATE  APR.  91 

DRAWING  NO. 

O 

TOTAL 

$1,844 

$1 .883 

$200 

$131 

$165 

$215 

CD 

CO 

$710 

$444 

$5,590 

$1,118 

CO 

0 

CO 

$369 

1  $7,077 

ESTIMATOR 

< 

Cost 

1795.00 

0 

0 

coi 

0 

0 

d 

136.48 

$3,689 

$590 

$369 

$4,649 

$930 

$5,578 

$307 

1  $5,885 

INVITATION  NO./CONTRACT  NO. 

DACA  59-90-C-0087 

GC 

UJ 

< 

Unit 

Price 

1795.00 

00  6S8 

0 

0 

d 

CM 

CM 

C*) 

CODE  C 

EQUIPMENT 

Cost 

X  CODE  b|  I 

OTHER 

Unit 

Price 

L_ 

_ 

CODE  a[ 

LABOR  1 

Cost 

0) 

165 

160  1 

131  1 

165 

CO 

N 

1  $747 

1  $119 

$75 

1  $941 

$188 

1  $1,129 

CM 

CD 

$1,191 

J 

Unit 

Price 

0 

CM 

0 

CM 

0 

CM 

0 

CM 

0 

CM 

0 

CM 

t 

I 

COST  ESTIMATE  ANALYSIS 

PROJECT  ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER 

LOCATION  FT.  SILL.  OKLAHOMA 

Total 

Hrs 

2.5J 

CO 

T- 

d 

6.7] 

CO 

4.0  1 

MH/ 

Unit 

2.5 

4.2 

3.3 

4.2 

q 

Quantity  f 

Unit 

Meas 

< 

LU 

< 

LU 

< 

lU 

< 

UJ 

< 

UJ 

1  s 

i 

;  § 
j  g 

No.  Of 

Units 

CM 

CM 

CM 

CM 

16% 

10% 

20% 

5.5% 

CmilPRFCO  BLDG.  2812  T 

2-SPEED  COOLING  TOWER 

1  TASK  DESCRIPTION  1 

I  15 HP2-SPD  MOTOR 

2-SPD  MOTOR  STARTER 

MOTOR  FEEDER 

1  REMOVE  OLD  MOTOR  1 

1  REMOVE  OLD  STR 

1  PNEUMATIC  THERMOSTAT  i 

1 

iJ 

G 

& 

3 

0 

Z 

0 

CQ 

G 

< 

S 
> 
i|  0 

PROFIT 

J 

? 

0 

H 

1 

00 

3 

(fl 

H 

Cfl 

G 

C 

CONTINGENCY 

? 

0 

& 

3 

03 

< 

< 

a: 

H 

UJ 

UJ 

X 

03 

<S 

1 

c 

>1 1- 
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LIFE  CYCLE  COST  ANALYSIS  SUMMARY  STUDY;  2812EC5A 

ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP)  LCCID  1.035 

INSTALLATION  &  LOCATION;  FT.  SILL,  OKLAHOMA  REGION  NOS.  6  CENSUS;  3 
PROJECT  NO.  &  TITLE;  3002-000  ENERGY  SURVEY  OF  ARMY  BOILER/CHILLERS 
FISCAL  YEAR  1991  DISCRETE  PORTION  NAME;  TWO  SPEED  COOLING  TOWER 
ANALYSIS  DATE;  04-11-91  ECONOMIC  LIFE  25  YEARS  PREPARED  BY;  KC 


1 .  INVESTMENT 

A.  CONSTRUCTION  COST 

B.  SIOH 

C.  DESIGN  COST 

D.  ENERGY  CREDIT  CALC  ( lA+lB+lC ) X. 9 

E.  SALVAGE  VALUE  COST 

F.  TOTAL  INVESTMENT  (ID-IE) 


$ 

$ 

$ 

$ 

-$ 

$ 


2.  ENERGY  SAVINGS  (+)  /  COST  (-) 

ANALYSIS  DATE  ANNUAL  SAVINGS,  UNIT  COST  &  DISCOUNTED  SAVINGS 


6708. 

369. 

403. 

6732. 

0. 

6732. 


UNIT  COST 

SAVINGS 

ANNUAL  $ 

DISCOUNT 

DISCOUNTED 

FUEL 

$/MBTU(l) 

MBTU/YR(2) 

SAVINGS ( 3 ) 

FACTOR(4) 

SAVINGS ( 5 ) 

A. 

ELECT 

$  4.01 

29. 

$ 

117. 

11.37 

1334. 

B. 

DIST 

$  .00 

0. 

$ 

0. 

17.06 

0. 

C. 

RESID 

$  .00 

0. 

$ 

0. 

16.85 

0. 

D. 

NAT  G 

$  2.92 

0. 

$ 

0. 

17.52 

0. 

E. 

COAL 

$  .00 

0. 

$ 

0. 

13.34 

0. 

F. 

TOTAL 

29. 

$ 

117. 

$  1334. 

NON 

ENERGY 

SAVINGS (+)  / 

COST(--) 

A. 

ANNUAL 

RECURRING  (+/ 

$  0. 

(1)  DISCOUNT  FACTOR 

(TABLE  A) 

11.65 

(2)  DISCOUNTED  SAVING/COST  (3A  X 

3A1) 

$  0. 

C.  TOTAL  NON  ENERGY  DISCOUNTED  SAVINGS (+)  /COST(-)  (3A2+3Bd4)  $  0. 


D.  PROJECT  NON  ENERGY  QUALIFICATION  TEST 

(1)  25%  MAX  NON  ENERGY  CALC  (2F5  X  .33)  $  440. 

A  IF  3D1  IS  =  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  =  (2F5+3D1)/1F)=  _ 

C  IF  3D1B  IS  =  >  1  GO  TO  ITEM  4 

D  IF  3D1B  IS  <  1  PROJECT  DOES  NOT  QUALIFY 

4.  FIRST  YEAR  DOLLAR  SAVINGS  2F3+3A+ ( 3BlD/ (YEARS  ECONOMIC  LIFE))  $  117. 

5.  TOTAL  NET  DISCOUNTED  SAVINGS  (2F5+3C)  $  1334. 

6.  DISCOUNTED  SAVINGS  RATIO  (SIR)=(5  /  1F)=  .20 

(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 

7.  SIMPLE  PAYBACK  PERIOD  (ESTIMATED)  SPB=lF/4  57.40 


ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 
FT.  SILL,  OKLAHOMA 

CENTRAL  PLANT:  2812 

ENERGY  CONSERVATION  OPPORTUNITY:  ECO-  5(B) 

SYSTEM  MODIFICATION:  VARIABLE  SPEED  DRIVE  FOR  COOLING  TOWER 
SYSTEMS  TO  MODIFY:  COOLING  TOWER 


CALCULATION  DESCRIPTION: 

Two  spread  sheets  are  compared  to  determine  the  energy  savings  for 
ECO-5,  install  two-speed  (5A)  or  variable  speed  (5B)  motors  for  cooling  tower. 

The  spread  sheets  is  a  simulation  of  the  existing  structure,  equipment,  and 

systems,  and  how  they  are  presently  operated.  The  spread  sheets  is  also  a 

simulation  of  the  existing  building  with  modifications  implemented  in  the  systems,  equipment, 

or  the  operation.  The  difference  in  the  totals  from  the  spread  sheets  represents  the  savings. 


ANNUAL  UTILITY  SAVINGS 


Electric 

Nat.  Gas 

Total  Energy 

PC  CUBE  RUN 

Demand(kW) 

Energy(kWh) 

(MMBtu) 

(MMBtu) 

Baseline 

— 

17,273 

— 

59 

ECO 

— 

6,106 

— 

21 

Savings  (Baseline -ECO) 

0 

11.167 

0 

38 

NOTE:  The  savings  for  this  ECO  did  not  consider  any  interrelated  savings  with  other 

ECOs  identified  as  economically  feasible. 


ENERGY  COST  SAVINGS: 

Electricity: 

38  MMBtu/Yr  X 

$4.0141  /MMBtu  = 

$153  per  year 

Nat.  Gas: 

0  MMBtuA'r  X 

$2.92 /MMBtu  = 

$0  per  year 

Total  Energy  Cost  Savings: 

$153  + 

$0 

$153  per  year 

NON-ENERGY  SAVINGS  (+).  COST  (-): 

Demand: 

0  kW/month  X 

$1 .787  /kW  X 

12  months/year 

=  (+) 

$0  per  year 

Maintenance:  =  (-) 

$298  per  year 

Total: 

$0 

$298 

($298)  per  year 

rECO-SHT.WK31 


Two-speed  cooling  tower  and  variable  speed  cooling  tower  calculation  description: 


1.  The  design  conditions  were  taken  from  the  original  design  documents,  including  wet 
bulb  temperatures,  condenser  water  flow,  and  condenser  supply  and  return 
temperatures. 

2.  Based  on  an  assumed  liquid  to  gas  ratio,  the  delta  enthalpy  was  calculated  for  entering 
air  versus  leaving  air  conditions.  The  final  total  enthalpy  of  the  leaving  air  was 
calculated  based  on  the  design  entering  air  enthalpy  plus  the  delta  enthalpy. 

3.  The  fan  motor  kW  is  based  on  field  measurements. 

4.  The  "WET  BULB  AVERAGES"  are  the  wet  bulb  temperatures  calculated  for  4  hour  bins, 
for  each  cooling  month,  from  ASHRAE  weather  data  for  Oklahoma  City,  Oklahoma 
(part  1). 

5.  The  "ENTHALPY  FOR  AVERAGE  WET  BULBS"  are  the  enthalpy  for  each  of  the  wet- 
bulb  (part  1.),  determined  from  look-up  tables  (part  2). 

6.  The  "COOLING  PROFILE  OF  CENTRAL  PLANTS,"  is  the  average  %  load  estimated  for 
the  chiller  plant,  for  the  time  bins  (part  3).  Note  there  is  0%  load  for  those  hours  when 
the  chiller  is  assumed  to  be  off. 

The  "PEAK  LOAD"  per  month  is  the  estimated  peak  hourly  load  (part  3,  last  column). 

7.  The  "RATIO  OF  AVERAGE  MONTHLY  ENTHALPY  TO  DESIGN  ENTHALPr  for  time 
bins  (part  4)  = 

(Total  exit  air  design  enthalpy  minus  average  monthly  enthalpy,  part  2)  /  (entering  air 
design  enthalpy) 

The  "DAYS  PER  MONTH  OPER."  is  the  total  days  per  month  the  cooling  tower 
operates  (part  4,  last  columm). 

8.  The  "%  DESIGN  LOAD"  on  tower  for  time  bins  (part  5)  = 

(%  load  on  plant,  part  3  *  monthly  peak  load,  part  3)  /  (  Highest  monthly  peak  load, 
part  3)  *  ( 1  /  ratio  of  monthly  enthalpy,  part  4) 

9.  For  a  single  speed  cooling  tower  fan  the  energy  usage  (kWh)  is  based  on  the  idea  that 
the  tower  fan  cycle  in  direct  proportion  to  the  %  design  load  on  the  tower,  (part  6)  = 

kWh  per  bin  =  (total  fan  power  kW)  *  (%  design  load,  part  5*4  hours  per  bin  *  days 
per  month) 

Total  kWh  =  sum  of  all  kWh  bins 
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10. 


For  a  two-speed  cooling  tower  fan  the  energy  usage  (kWh)  is  based  on  the  premise  that 
when  a  tower  cell  is  at  less  than  50%  of  its  design  load,  it  operates  at  half  speed.  A  fan 
running  at  half  speed  uses  14%  of  the  maximum  power  input  (part  7).  The  control 
sequence  is: 

•  0-50%  load,  fan  1,  half  speed  cycling. 

•  50-100%  load,  fan  1  full  speed  cycling. 

kWh  per  bin,  for  %  design  loads  less  than  50%  load  =  (fan  1  power  kW)  *  14%  * 
(%design  load  /  50)  *  4  hours  per  bin  *  days  per  month. 

kWh  per  bin,  for  %  design  loads  50%  to  100%  load  =  ( fan  1  power  kW  *  ((%  design 
load)/  100)  *  4  hours  per  bin  *  days  per  month  ) 

kWh  total  =  sum  of  all  kWh  bins 


11.  For  a  variable  speed  cooling  tower  fan  the  energy  usage  (kWh)  is  based  on  the  premise 
that  the  tower  fan  percent  air  volume  is  directly  proportional  to  the  percent  load  on  the 
cooling  tower;  and  the  fan  energy  is  proportational  to  the  cube  of  the  air  volume.  The 
calculations  take  into  account  multi-cell  towers  (part  8): 

kWh  per  bin,  for  0  to  100%  load  =  (  total  fan  power  kW)  *  ((%  design  load)^  /  80% 
efficiency  )  *  4  hours  per  bin  *  days  per  month. 

kWh  total  =  sum  of  all  kWh  bins 
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CENTRAL  RLAf^rr  2812 

DESIGN  CONDITIONS 

-  WBT  (DB,  DEG  R 

76 

-WATER  FLOW  (gpm) 

2600 

-  CNWR  (DEG  F) 

95 

-  CNWS  (DEG  F) 

85 

ASSUMPTION  LIQUID  TO  GAS  RATIO 

2 

-  AIR  FLOW  (LBS/MIN) 

10790 

HEAT  REJECTION  CAPACITY  (Btu/min) 

215800 

DELTA  ENTHALPY  (Btu/lb) 

20 

DESIGN  ENTHALPY  (Btu/lb) 

39.57 

TOTAL  ENTHALPY 

59.57 

EXIT  AIR  WB  (LOOKUP) 

93.2 

SPECIFIC  VOLUME  OF  EXIT  AIR  (LOOK  UP) 

15.1 

100%  DESIGN  CFM  @  WB 

162929 

MOTOR  DATA 

-  FAN  1  POWER  (kW) 

11.8 

-  FAN  2  POWER  (kW) 

0 

ASHRAE  WEATHER  DATA  -  OKLAHOMA  CITY.  OKLAHOMA 


WET- BULB  AVERAGES 

DESIGN 

WB 

1-4 

5-8 

9-12 

13-16 

17-20 

21-24 

APRIL 

48.6 

47.8 

52.2 

55.6 

54.6 

51.4 

76 

MAY 

57.1 

56.6 

61.2 

63.9 

63 

59.4 

76 

JUNE 

66.8 

66.6 

69.9 

71 

70.5 

68.2 

76 

JULY 

70.8 

70.9 

74.5 

76 

74.9 

72.6 

76 

AUGUST 

66.9 

67 

71 

72 

71 

68.5 

76 

SEPTEMBER 

65.1 

64.9 

67.8 

68.9 

67^ 

65.6 

76 

OCTOBER 

51.2 

50.4 

55.1 

57.5 

55.2 

52.5 

76 

ENTHALPY  FOR  AVERAG 

E  WET-BUL 

BS 

DESIGN 

ENTHALPY 

1-4 

5-8 

9-12 

13-16 

17-20 

21-24 

APRIL 

19.64 

19.11 

21.55 

23.58 

22.98 

21.09 

39.57 

MAY 

24.53 

24.21 

27.28 

29.23 

28.57 

26.06 

39.57 

JUNE 

31.47 

31.31 

34.01 

34.95 

34.51 

32.59 

39.57 

JULY 

34.77 

34.86 

38.141 

39.57 

38.52 

36.371 

39.57 

AUGUST 

31.54 

31.62 

34.95 

35.83] 

34.95 

32.84 

39.57 

SEPTEMBER 

30.13 

29.98 

32.25 

33.09 

31.9^ 

30.52 

39.57 

OCTOBER 

20.98 

20.53 

23.28 

24.72 

23.34 

21.72 

39.57 

D-2812-21 


PEAK 

LOAD 

COOLING  PROFILE  OF  C 

ENTRAL  PLANTS 

1-4 

5-8 

9-12 

13-16 

17-20 

21-24 

(Btuh) 

APRIL 

0 

0 

0 

0 

6 

0 

0 

MAY 

0.3 

0.3 

0.5 

0.7 

0.9 

0.5 

3740000 

JUNE 

0.3 

0.3 

0.5 

0.7 

0.9 

0.5 

4365000 

JULY 

0.3 

0.3 

0.5 

0.7 

0.9 

0.5 

4392000 

AUGUST 

0.3 

0.3 

0.5 

0.7 

0.9 

0.5 

4391000 

SEPTEMBER 

0.3 

0.3 

0.5 

0.7 

0.9 

0.5 

4329000 

OCTOBER 

0 

0 

0 

0 

0 

0 

0 

RATIO  OF  MONTHLY  ENl 

rHALPYTO  DESIGN  ENTHALPY 

DAYS  PER 
MONTH  OPER. 

1-4 

5-8 

9-12 

13-16 

17-20 

21-24 

APRIL 

2.0 

2.0 

1.9 

1.8 

1.8 

1.9 

30 

MAY 

1.8 

1.8 

1.6 

1.5 

1.6 

1.7 

31 

JUNE 

1.4 

1.4 

1.3 

1.2 

1.3 

1.3 

30 

JULY 

1.2 

1.2 

1.1 

1.0 

1.1 

1.2 

31 

AUGUST 

1.4 

1.4 

1.2 

1.2 

1.¥1 

1.3 

31 

SEPTEMBER 

1.5 

1.5 

1.4 

1.3 

1.4 

1.5 

30 

OCTOBER 

1.9 

2.0 

1.8 

1.7 

1.8 

1.9 

31 

%  DESIGN  LOAD 

DAYS  PER 

MONTH  OPER. 

1-4 

5-8 

9-12 

13-16 

17-20 

21-24 

APRIL 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

30 

MAY 

14.6 

14.5 

26.5 

39.5 

49.8 

25.6 

31 

JUNE 

21.4 

21.2 

39.1 

56.9 

71.8 

37.1 

30 

JULY 

24.3 

24.4 

47.0 

70.4 

86.0 

43.4 

31 

AUGUST 

21.5 

21.6 

40.9 

59.3 

73.5 

37.6 

31 

SEPTEMBER 

20.2 

20.1 

36.3 

52.4 

64.6 

34.1 

30 

OCTOBER 

0.0 

0.0 

0.0 

0.0 

o.o1 

0.0 

31 

SINGLE  SPE 

ED  COOLING  TOWER  CYCLING  (kWh] 

TOTAL 

(kWh) 

1-4 

5-8 

9-12 

13-16 

17-20 

21-24 

APRIL 

0 

0 

0 

0 

0 

0 

MAY 

213 

213 

388 

579 

728 

374 

JUNE 

302 

301 

554 

805 

1017 

525 

JULY 

356 

357 

687 

1031 

1259 

635 

AUGUST 

315 

316 

598 

868 

1076 

551 

SEPTEMBER 

286 

285 

514 

742 

9151 

483 

OCTOBER 

0 

0 

0 

0 

0 

0 

TOTAL 

1473 

1472 

2741 

4025 

4995 

2568 

17273 
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APRIL 

MAY _ 

JUNE 

JULY 

AUGUST 

SEPTEMBER 

OCTOBER 

TOTAL 


TWO  SPEED  COOLING  TOWER  CYCLING  (kWh) 


9-12 


13-16 


17-20 


21-24 


60 

109 

162 

204 

105 

84 

310 

393 

816 

147 

100 

385 

803 

1260 

178 

88 

335 

478 

894 

154 

80 

144 

267 

611 

135 

0 

0 

0 

0 

0 

412 

1282 

2102 

3785 

719 

VARIABLE  SPEED  COOLING  TOWER  CYCLING  (kV 


9-12 


13-16 


17-20 


21-24 


APRIL 

0 

0 

0 

0 

0 

0 

MAY 

6 

6 

34 

113 

225 

31 

JUNE 

17 

17 

106 

325 

656 

90 

JULY 

26 

27 

189 

639 

1165 

149 

AUGUST 

18 

18 

125 

728 

97 

SEPTEMBER 

15 

14 

85 

255 

477 

70 

OCTOBER 

0 

0 

0 

0 

0 

0 

TOTAL 

82 

82 

539 

1715 

3251 

438 
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LIFE  CYCLE  COST  ANALYSIS  SUMMARY  STUDY;  2812EC5B 

ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP)  LCCID  1.035 

INSTALLATION  &  LOCATION;  FT.  SILL,  OKLAHOMA  REGION  NOS.  6  CENSUS;  3 

PROJECT  NO.  &  TITLE;  3002-000  ENERGY  SURVEY  OF  ARMY  BOILER/CHILLERS 
FISCAL  YEAR  1991  DISCRETE  PORTION  NAME;  TWO  SPEED  COOLING  TOWER 
ANALYSIS  DATE;  04-11-91  ECONOMIC  LIFE  25  YEARS  PREPARED  BY;  KC 


1 .  INVESTMENT 

A.  CONSTRUCTION  COST 

B.  SIOH 

C.  DESIGN  COST 

D.  ENERGY  CREDIT  CALC  ( lA+lB+lC )X . 9 

E.  SALVAGE  VALUE  COST 

F.  TOTAL  INVESTMENT  (ID-IE) 


$ 

$ 

$ 

$ 

-$ 

$ 


2.  ENERGY  SAVINGS  (+)  /  COST  (-) 

ANALYSIS  DATE  ANNUAL  SAVINGS,  UNIT  COST  &  DISCOUNTED  SAVINGS 


4963. 

273. 

298. 

4981. 

0. 

4981. 


UNIT  COST 

SAVINGS 

ANNUAL  $ 

DISCOUNT 

DISCOUNTED 

FUEL 

$/MBTU(l) 

MBTU/YR(2) 

SAVINGS ( 3 ) 

FACTOR(4) 

SAVINGS ( 5 ) 

A. 

ELECT 

$  4.01 

38. 

$ 

153. 

11.37 

1739. 

B. 

DIST 

$  .00 

0. 

$ 

0. 

17.06 

0. 

C. 

RESID 

$  .00 

0. 

$ 

0. 

16.85 

0. 

D. 

NAT  G 

$  2.92 

0. 

$ 

0. 

17.52 

0. 

E, 

COAL 

$  .00 

0. 

$ 

0. 

13.34 

0. 

F. 

TOTAL 

38. 

$ 

153. 

$  1739. 

NON 

ENERGY 

SAVINGS (+)  / 

COST(-) 

A. 

ANNUAL 

RECURRING  (+/ 

-) 

$  -298. 

(1)  DISCOUNT  FACTOR 

(TABLE  A) 

11.65 

(2)  DISCOUNTED  SAVING/COST  (3A  X 

3A1) 

$  -3472. 

C, 

TOTAL  NON  ENERGY  DISCOUNTED  SAVINGS (+) 

/COST(-) 

(3A2+3Bd4) 

$  -3472. 

D.  PROJECT  NON  ENERGY  QUALIFICATION  TEST 

(1)  25%  MAX  NON  ENERGY  CALC  (2F5  X  .33)  $  574. 

A  IF  3D1  IS  =  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  =  (2F5+3D1)/1F)= 

C  IF  3D1B  IS  =  >  1  GO  TO  ITEM  4 

D  IF  3D1B  IS  <  1  PROJECT  DOES  NOT  QUALIFY 

4.  FIRST  YEAR  DOLLAR  SAVINGS  2F3+3A+(3B1D/ (YEARS  ECONOMIC  LIFE))  $  -145. 

5.  TOTAL  NET  DISCOUNTED  SAVINGS  (2F5+3C)  $  -1732. 

6.  DISCOUNTED  SAVINGS  RATIO  {SIR)=(5  /  1F)=  -.35 

(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 

7.  SIMPLE  PAYBACK  PERIOD  (ESTIMATED)  SPB=lF/4  -34.34 


D-2812-25 


ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 
FT.  SILL,  OKLAHOMA 


CENTRAL  PLANT:  2812 

ENERGY  CONSERVATION  OPPORTUNITY:  ECO-  6 

SYSTEM  MODIFICATION:  HIGH  EFFICIENCY  MOTOR  REPLACEMENT 
SYSTEMS  TO  MODIFY:  PUMP  &  COOLING  TOWER  MOTORS 


CALCULATION  DESCRIPTION: 

Analysis  spread  sheet  was  prepared  to  determine  the  energy  savings  for 
ECO-6,  install  high  efficiency  motors. 

It  was  estimated  that  the  electrical  energy  can  be  saved  by  installing  high  efficiency 
motors  based  on  the  motor  operating  hours  per  year. 


ANNUAL  UTILITY  SAVINGS 


PC  CUBE  RUN 

Electric 

Nat.  Gas 
(MMBtu) 

Total  Energy 
(MMBtu) 

Demand(kW) 

Energy  (kWh) 

Baseline 

— 

— 

— 

0 

ECO 

— 

— 

— 

0 

Savings  (Baseline -ECO) 

4 

18.353 

0 

63 

NOTE;  The  savings  for  this  ECO  did  not  consider  any  interrelated  savings  with  other 
ECOs  identified  as  economically  feasible. 


ENERGY  COST  SAVINGS: 


Electricity:  63  MMBtu/Yr  X 

Nat.  Gas:  0  MMBtu/Yr  X 

Total  Energy  Cost  Savings;  $251  + 

NON-ENERGY  SAVINGS  (+),  COST  (-): 


$4.0141  /MMBtu  = 
$2.92/MMBtu  = 

$0 


Demaid:  4  kW/month  X  $1.787/kW  X 


=  (+) 

$86  per  year 

Maintenance: 

=  (-) 

$0  per  year 

Total: 

$86 

$0 

== 

$251  per  year 
$0  per  year 
$251  per  year 

12  months/year 


$86  per  year 


tECO-SHT.WK3] 


D-2812-26 


HIGH  EFFICIENCY 
MOTOR  REPLACEMENT 


LABOR  RATE: 

19.6  $/hr 

ELECTRIC  CONS. 

0.0137  $/kWH 

ELECTRIC  DEMAND 

1.787  $/kW 

BLDG. 

EQUIPMENT 

MOTOR 

MOTOR 

MEAS 

MEAS 

MEAS 

EXST 

NEW 

KW 

HRS/ 

KWH/YR 

SVGS/ 

NO. 

SERVE 

HP 

FLA 

AMPS 

PF 

VOLT 

EFF 

EFF 

SVGS 

YEAR 

SVGS 

YEAR 

730 

CWP-1 

150.0 

179.0 

147.0 

0.87 

460 

90.19% 

95.00% 

5.73 

2641 

15120 

$330 

CWP-2 

150.0 

179.0 

148.0 

0.91 

460 

86.22% 

95.00% 

11.50 

1873 

21539 

$542 

CNWP-1 

50.0 

118.0 

107.0 

0.98 

230 

80.97% 

93.00% 

6.67 

2641 

17629 

$385 

CNWP~2 

50.0 

118.0 

107.0 

0.99 

230 

80.15% 

93.00% 

7.27 

468 

3405 

$203 

CNWP-3 

Nl 

Nl 

Ni 

CTM-1 

30.0 

71 .4 

70.7 

0.93 

230 

84.60% 

92.40% 

2.61 

702 

1834 

$81 

CTM-2 

30.0 

71.4 

71.0 

0.87 

230 

90.44% 

92.40% 

0.58 

702 

405 

$18 

HWP-1 

50.0 

125.0 

117.5 

0.87 

230 

86.10% 

93.00% 

3.51 

3624 

12722 

$250 

HWP-2 

50.0 

125.0 

118.0 

0.87 

230 

86.10% 

93.00% 

3.53 

3624 

12776 

$251 

DEMAND  CREDIT 

$888 

MMBtu 

292 

TOTAL 

41 

85430 

$2,058 

914 

CWP-1 

40.0 

48.0 

41.3 

0.87 

460 

89.69% 

93.00% 

1.14 

3672 

4178 

$82 

CNWP-1 

15.0 

19.0 

14.4 

0.82 

460 

90.15% 

90.20% 

0.01 

3672 

23 

$0 

CTM-1 

10.0 

15.0 

12.0 

0.82 

460 

76.12% 

89.50% 

1.54 

416 

640 

$42 

CTM-2 

10.0 

15.0 

12.0 

0.82 

460 

76.12% 

89.50% 

1.54 

416 

640 

$42 

HWP-1 

2.0 

6.2 

5.4 

0.87 

230 

69.43% 

84.00% 

0.47 

3624 

1694 

$33 

HWP-2 

2.0 

6.2 

5.6 

0.87 

230 

69.43% 

84.00% 

0.48 

3624 

1757 

$34 

DEMAND  CREDIT 

$111 

MMBtu 

30 

TOTAL 

5 

8932 

$233 

2812 

CWP-1 

20.0 

27.0 

23.0 

0.77 

460 

90.07% 

91 .00% 

0.16 

3672 

586 

$11 

CNWP-1 

25.0 

31 .5 

26.5 

0.82 

460 

91.18% 

91.70% 

0.11 

3672 

394 

$8 

CTM-1 

15.0 

18.6 

18.6 

0.87 

460 

86.79% 

90.20% 

0.56 

1167 

655 

$21 

HWP-1 

7.5 

21 .6 

18.5 

0.87 

230 

74.74% 

88.50% 

1.33 

8760 

11687 

$189 

HWP-2 

7.5 

21 .6 

19.0 

0.87 

230 

74.74% 

88.50% 

1.37 

3672 

5031 

$98 

DEMAND  CREDIT 

$76 

MMBtu 

63 

TOTAL 

4 

18353 

$327 

3442 

CWP-1 

60.0 

73.0 

63.0 

0.84 

460 

91 .62% 

94.50% 

1.40 

3672 

5158 

$101 

CWP-2 

60.0 

73.0 

63.4 

0.84 

460 

91 .62% 

94.50% 

1.41 

3672 

5191 

$101 

CNWP-1 

40.0 

52.0 

41.0 

0.78 

460 

92.34% 

93.00% 

0.20 

3672 

721 

$14 

CNWP-2 

40.0 

52.0 

35.8 

0.78 

460 

92.34% 

93.00% 

0.17 

3672 

629 

$12 

CTM-1 

15.0 

18.3 

14.6 

0.87 

460 

88.21% 

90.20% 

0.25 

1169 

295 

$9 

CTM-2 

15.0 

18.3 

14.6 

0.87 

460 

88.21% 

90.20% 

0.25 

1169 

295 

$9 

CTM-3 

15.0 

18.3 

14.6 

0.87 

460 

88.21% 

90.20% 

0.25 

1169 

295 

$9 

CTM-4 

15.0 

18.3 

14.6 

0.87 

460 

88.21% 

90.20% 

0.25 

1169 

295 

$9 

DEMAND  CREDIT 

$90 

MMBtu 

44 

TOTAL 

4 

12880 

$266 

4701 

CWP-1 

50.0 

60.7 

51 

0.87 

440 

92.68% 

93.00% 

0.13 

1873 

235 

$6 

CWP-2 

50.0 

60.7 

51 

0.87 

440 

92.68% 

93.00% 

0.13 

1873 

235 

$6 

CNWP-1 

30.0 

38 

33 

0.87 

440 

88.83% 

92.40% 

0.95 

1873 

1784 

$45 

CNWP-2 

30.0 

38 

33 

0.87 

440 

88.83% 

92.40% 

0.95 

1873 

1784 

$45 

CTM-1 

20.0 

24.6 

18.2 

0.87 

460 

87.50% 

91 .00% 

0.55 

650 

361 

$17 

CTM-2 

15.0 

19.2 

16.5 

0.87 

440 

87.90% 

90.20% 

0.32 

650 

206 

$10 

DEMAND  CREDIT 

$65 

MMBtu 

16 

TOTAL 

3 

4605 

$128 

5676 

HCP-1 

10.0 

13.5 

13 

0.87 

460 

79.72% 

89.50% 

1.24 

7296 

9012 

$150 

HCP-2 

10.0 

13.5 

13 

0.87 

460 

79.72% 

89.50% 

1.24 

7296 

9012 

$150 

CNWP-1 

7.5 

11 

10 

0.87 

460 

73.38% 

88.50% 

1.61 

3672 

5927 

$116 

CTM-1 

7.5 

10.5 

9 

0.79 

460 

84.66% 

88.50% 

0.29 

1160 

337 

$11 

DEMAND  CREDIT 

$94 

MMBtu 

83 

TOTAL 

4 

24287 

$427 

5678 

HCP-1 

2.0 

6.5 

5.9 

0.83 

208 

76.76% 

84.00% 

0.20 

7296 

1445 

$24 

HCP-2 

2.0 

6.5 

5.7 

0.83 

208 

76.76% 

84.00% 

0.19 

7296 

1396 

$23 

HCP-3 

1.5 

4.8 

4.5 

0.83 

230 

70.51% 

84.00% 

0.34 

7296 

2474 

$41 

HCP-4 

2.0 

6.3 

5.8 

0.83 

230 

71.62% 

84.00% 

0.39 

7296 

2878 

$48 

CNWP-1 

7.5 

11 

10 

0.87 

460 

73.38% 

88.50% 

1.61 

3672 

5927 

$116 

CTM-1 

7.5 

11 

9.6 

0.75 

460 

85.12% 

88.50% 

0.26 

1139 

293 

$10 

DEMAND  CREDIT 

$64 

MMBtu 

49 

TOTAL 

3 

14412 

$262 
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DATE  PREPARED 

10-Apr~91 

SHT  OF 

CHECKED  BY  CEL 

SHIPPING  I 

Total 

Wt 

1 

1 

1 

1 

1 

1 

1 

Unit 

Wt 

; 

EFFECTIVE  PRICING 

DATE  APR.  91 

DRAWING  NO. 

KC 

TOTAL 

$1,298 

$1 .509 

$1,073 

$683 

$683 

$5,246 

$839 

u> 

CM 

U> 

$6,610 

$1,322 

$7,932 

$436 

$8,368 

ESTIMATOR 

MATERIAL 

Cost 

1189.00 

1396.00 

985.00 

616.00 

616.00 

$4,802 

$768 

$480 

$6,051 

$1 .210 

$7,261 

$399 

$7,660 

Z800-  0  -  06 - 6S  vova 

ON  lOVdiNOO/  ON  NOliVlIANI 

Unit 

Price 

1189.0 

1396.0 

985.0 

o 

<6 

616.0 

CODE  C 

EQUIPMENT 

Cost 

x|codeb| 

Unit 

Price 

CODE  a[ 

OTHER 

LABOR 

CO 

o 

o 

109 

113 

CO 

00 

<0 

(O 

$444 

$71 

$44 

$559 

1  $112 

$671 

CO 

1^  $708 

□ 

Unit 

Price 

20 

o 

CM 

o 

CM 

o 

CM 

20 

COST  ESTIMATE  ANALYSIS 

PROJECT  ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER 

LOCATION  FT.  SILL.  OKLAHOMA 

MH/  Total 

Hrs  1 

5.5 

5.8 

U) 

3.4 

3.4 

Unit  1 

5.5  1 

5.8 

4.5 

CO 

CO 

Quantity  I 

Unit 

Meas 

EA 

EA 

< 

LJJ 

EA 

EA 

1 

1 

& 

UJ 

z 

CO 

i 

0 

m 

to 

1 

1 

i  S 

t  u. 

j  2 

No.  Of 

Units 

16% 

10% 

20% 

5.5% 

MOTOR  REP.  ECO  BLDG.  2812  1 

HIGH  EFF.  MOTOR  REP.LACEMENT 

TASK  DESCRIPTION  1 

CWP-1  20.0  HP  MOTOR  I 

CNWP“1  25.0  HP  MOTOR 

I  CTM-1  15.0  HP  MOTOR  I 

1  HWP-1  7.5  HP  MOTOR 

HWP-2  7.5  HP  MOTOR 

SUBTOTAL 

OVERHEAD.  BOND 

PROFIT 

COST  SUB-- TOTAL 

CONTINGENCY 

SUBTOTAL 

S&A 

D-2812-28 


LIFE  CYCLE  COST  ANALYSIS  SUMMARY  STUDY:  2812EC6 

ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP)  LCCID  1.035 

.X.ATION  &  LOCATION:  FT.  SILL,  OKLAHOMA  REGION  NOS.  6  CENSUS:  3 

.ECT  NO.  &  TITLE:  3002-000  ENERGY  SURVEY  OF  ARMY  BOILER/CHILLERS 
^SCAL  YEAR  1991  DISCRETE  PORTION  NAME:  HIGH  EFF.  MOTOR 
ANALYSIS  DATE:  04-15-91  ECONOMIC  LIFE  25  YEARS  PREPARED  BY:  KC 


1 .  INVESTMENT 

A.  CONSTRUCTION  COST 

B.  SIOH 

C.  DESIGN  COST 

D.  ENERGY  CREDIT  CALC  ( 1A+1B+1C)X. 9 

E.  SALVAGE  VALUE  COST 

F.  TOTAL  INVESTMENT  (ID-IE) 


$ 

$ 

$ 

$ 

-$ 

$ 


2.  ENERGY  SAVINGS  (+)  /  COST  (-) 

ANALYSIS  DATE  ANNUAL  SAVINGS,  UNIT  COST  &  DISCOUNTED  SAVINGS 


7932. 

437. 

476. 

7961. 

0. 

7961. 


FUEL 

A.  ELECT 

B.  DIST 

C.  RESID 

D .  NAT  G 

E .  COAL 

F.  TOTAL 


UNIT  COST 
$/MBTU(l) 

$  4.01 
$  .00 
$  .00 
$  2.92 
$  .00 


SAVINGS 

MBTU/YR(2) 

63. 

0. 

0. 

0. 

0. 

63. 


ANNUAL  $ 
SAVINGS (3) 

$  251. 

$  0. 

$  0. 

$  0. 

$  0. 

$  251. 


DISCOUNT 

FACTOR(4) 

11.37 

17.06 

16.85 

17.52 

13.34' 


DISCOUNTED 
SAVINGS ( 5 ) 

2857. 

0. 

0. 

0. 

0. 

$  2857. 


3.  NON  ENERGY  SAVINGS (+)  /  COST(-) 


A.  ANNUAL  RECURRING  (+/-) 

(1)  DISCOUNT  FACTOR  (TABLE  A) 

(2)  DISCOUNTED  SAVING/COST  ( 3A  X  3A1) 


11.65 


$ 

$ 


C.  TOTAL  NON  ENERGY  DISCOUNTED  SAVINGS(+)  /COST(-)  (3A2+3Bd4)  $ 


86. 


1002. 

1002. 


D.  PROJECT  NON  ENERGY  QUALIFICATION  TEST 

(1)  25%  MAX  NON  ENERGY  CALC  (2F5  X  .33)  $  943. 

A  IF  3D1  IS  =  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  =  ( 2F5+3D1 ) /IF) =  .48 

C  IF  3D1B  IS  =  >  1  GO  TO  ITEM  4 

D  IF  3D1B  IS  <  1  PROJECT  DOES  NOT  QUALIFY 


4.  FIRST  YEAR  DOLLAR  SAVINGS  2F3+3A+ ( 3B1D/ (YEARS  ECONOMIC  LIFE))  $  337. 

5.  TOTAL  NET  DISCOUNTED  SAVINGS  (2F5+3C)  $  3859. 

6.  DISCOUNTED  SAVINGS  RATIO  (SIR)=(5  /  IF)-  .48 

(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 

****  Project  does  not  qualify  for  ECIP  funding;  4,5,6  for  information  only. 

7.  SIMPLE  PAYBACK  PERIOD  (ESTIMATED)  SPB=lF/4  23.60 
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ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 
FT.  SILL,  OKLAHOMA 

CENTRAL  PLANT:  2812 

ENERGY  CONSERVATION  OPPORTUNITY:  ECO-  7 

SYSTEM  MODIFICATION:  INSTALL  INSTRUMENTATION  TO  DETERMINE  LOAD 
SYSTEMS  TO  MODIFY: 


CALCULATION  DESCRIPTION: 

Analysis  spread  sheet  was  prepared  to  determine  the  energy  savings  for 
ECO-7,  install  instrumentation  to  facilitate  efficient  operation  of  boiler  plant. 

It  was  estimated  that  the  energy  wasted  from  boiler  in  standby  is  1%  of  the  rated 

output  capacity.  The  hours  when  boilers  are  running  unnecessary  were  estimated  for  each  boiler. 


ANNUAL  UTILITY  SAVINGS 


Baseline _ 

ECO _ 

Savinas  fBaseline-ECOI 


Electric  ~\ 

Demand(kW) 

Enerqy(kWh) 

— 

— 

— 

— 

0 

0 

Nat.  Gas 


Total  Energy 
(MMBtu) 

0 

0 

21 _ 


NOTE:  The  savings  for  this  ECO  did  not  consider  any  interrelated  savings  with  other 

ECOs  identified  as  economically  feasible. 


ENERGY  COST  SAVINGS: 

Electricity:  0  MMBtu/Yr  X 

Nat.  Gas:  21  MMBtuA'r  X 

Total  Energy  Cost  Savings:  $0  + 

NON -ENERGY  SAVINGS  (+),  COST  (-): 

Demand:  0  kW/month  X 


0  MMBtuA'r  X  $4.0141  /MMBtu  = 

:i  MMBtu/Yr  X  $2.92  /MMBtu  = 

$0  +  $61  = 


Maintenance; 

Total: 


OkW/month  X  $1.787/kW  X 
$0  per  year 
$320  per  year 

$0  -  $320 


$0  per  year 
$61  per  year 
$61  per  year 

12  months/year 


($320)  per  year 


[ECO-SHT.WK3] 
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BOILER  STANDBY  SAVINGS 
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ECO-7,  INSTRUMENTATION  FOR  BOILER  PLANT 
(TYPICAL) 


BTU  METER  F  "1  DISPLAY;  (NEW) 

(NEW)  1  ~  TEMP’S  6c 

-  BTUH  HEATING 

’-TTr 

I  \  \ 

I  \  ^ 

+  T  \ 

'  '  \ 

,  \  \  \ 


(NEW) 


HWP-1 


(NEW) 


TO  BLDGs. 


FROM  BLDGs. 


|T]  FLOW  METER 

[t]  TEMPERATURE  SENSORS 


[B-EC0-7.DWG] 


D-2812-32 


o 

UJ 

o 

C5 

UJ 

cc 

z 

< 

□. 

s 

1 

u. 

o 

>- 

CQ 

0. 

a 

UJ 

cc 

0. 

a 

< 

o 

UJ 

X 

CO 

UJ 

1 

o 

»- 

H 

UJ 

< 

o 

X 

I 

o 

CO 

o 

o 

< 

z 

o 

o 

o 

J- 

cc 

o 

Q- 

UJ 

cc 

z 

oc 

o 

H 

< 

> 

H 

0. 

< 

o 

z 

o 

UJ 

Ul 

$ 

1 

u. 

< 

J— 

UL 

< 

QC 

CO 

Ul 

o 

Q 

UJ 

< 

i  1  S 

^  3  Ql 


^  ^  T-  CO  O 
O  O  <0  CO  CJ 
loinooj-f- 
4A 


o  o  o  o  o 

q  q  q  o  q 

eb  CO  ^  d  d 

CJ  C\i  CD  CM  c\j 

CO  CO  CO  ^ 


o  o  o  o  o  q 

o  o  o  o  o  in 

flb  CD  ^  d  d 

CM  CM  (O  CM  <0 

CO  CO  CO 


^  CM  C»  CO  h-  CO  O 

(O  U)  CO  00  CM  D)  CM 

in  CO  rr  CO  CO  CM  CO 

CA  ^  cn  I/C  tft 


CO  CO 

00 

CM 

CO  CO 

0> 

CM 

<0 

r^. 

CM 

<0 

CD  Tf 

CM 

CO 

CO 

O  CM 

CM 

cm‘  ^ 

co‘ 

CA 

V 

4A 

CA 

N 

oo 

CO 

O 

Ul 

O 

O 

1 

O 

O 

o 

o 

CD 

_J 

1 

0) 

^  cc 

in 

UJ  UJ 

< 

Q  X 

O 

O  K 

< 

o  o 

O 

in 

CO 

r-l 

O 

T~ 

00 

CD  ^ 

CO 

in 

O  CM 

CM_ 

<A 

CO 

V- 

4A 

•ts 

(d 

< 

< 

< 

< 

<1 

< 

X 

UJ 

_l 

I 

3 

CD 

S 

X 

X 

X 

X 

X 

X 

_1 

CO 

<0 

■♦<- 

c 

CM 

CM 

X 

o 

<■3 

o 

o 

Q 

z 

3 

z 

X 

UJ 

-1 

o 

X 

> 

s 

X 

< 

CM 

X 

UJ 

-1 

u. 

O 

< 

s 

X 

CM 

O 

X 

> 

o 

d 

5 

X 

X 

UJ 

X 

X 

o 

o 

> 

X 

3 

3 

m 

CM 

X 

z 

X 

z 

z> 

X 

X 

X 

CO 

>- 

o 

r 

Z 

O 

X 

X 

X 

X 

X 

X 

X 

o 

_j 

z 

O 

z 

X 

X 

H- 

z 

X 

CO 

1— ■ 

o 

1- 

O 

3 

3 

X 

o 

Ul 

z 

F 

< 

X 

X 

F 

< 

F 

< 

2 

$ 

h- 

Ul 

X 

H 

o 

1- 

X 

X 

>- 

3 

O 

Z 

X 

z 

X 

O 

X 

< 

z 

o 

Ul 

X 

X 

X 

X 

X 

3 

< 

H 

o 

UJ 

5 

Q 

S 

s 

X 

H 

X 

o 

UJ 

X 

UJ 

:  3 

1  X 

ic: 

3 

X 

X 

K 

X 

H 

X 

S 

X 

a 

X 

z 

o 

X 

o 

o 

-J 

0 

1  h- 
i  </> 

h“ 

X 

X 

$ 

X 

X 

3 

K 

Q 

X 

o 

X 

X 

—1 

X 

1  z 

Z 

X 

X 

z 

m 

3 

p  > 

I  ^ 

§  ^  < 
« i  § 


IL.  H  H-  H  4  S 

o  2  z  <  H  g 

CC  o  o  3  3  0  S 

0.  O  O  0)  (0  H  < 


D-2812-33 


LIFE  CYCLE  COST  ANALYSIS  SUMMARY  STUDY:  B2812E12 

ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP)  LCCID  1,035 

INSTALLATION  &  LOCATION:  FT.  SILL,  OKLAHOMA  REGION  NOS.  6  CENSUS:  3 

PROJECT  NO.  &  TITLE:  3002-000  ENERGY  SURVEY  OF  ARMY  BOILER/CHILLERS 
FISCAL  YETiR  1991  DISCRETE  PORTION  NAME:  BOILER  INSTRUMENTATION 
ANALYSIS  DATE:  04-12-91  ECONOMIC  LIFE  15  YEARS  PREPARED  BY:  KC 


1.  INVESTMENT 

A.  CONSTRUCTION  COST 

B.  SIOH 

C.  DESIGN  COST 

D.  ENERGY  CREDIT  CALC  ( 1A+1B+1C)X. 9 

E.  SALVAGE  VALUE  COST 

F.  TOTAL  INVESTMENT  (ID- IE) 


$  5327. 

$  293. 

$  320. 

$  5346. 

-$  0. 

$  5346. 


2.  ENERGY  SAVINGS  (+)  /  COST  (-) 

ANALYSIS  DATE  ANNUAL  SAVINGS,  UNIT  COST  &  DISCOUNTED  SAVINGS 


UNIT  COST 

SAVINGS 

ANNUAL 

$ 

DISCOUNT 

DISCOUNTED 

FUEL 

$/MBTU(l) 

MBTU/YR(2) 

SAVINGS 

(3) 

FACTOR(4) 

SAVINGS ( 5 ) 

A, 

ELECT 

$  4.01 

0. 

$ 

0. 

8.78 

0. 

B. 

DIST 

$  .00 

0. 

$ 

0. 

12.34 

0. 

C. 

RESID 

$  .00 

0. 

$ 

0. 

12.05 

0. 

D. 

NAT  G 

$  2.92 

21. 

$ 

60. 

12.48 

751. 

E. 

COAL 

$  .00 

0. 

$ 

0. 

10.01 

0. 

F. 

TOTAL 

21. 

$ 

60. 

$ 

751. 

NON 

ENERGY 

SAVINGS (+)  / 

COST(-) 

A. 

ANNUAL 

RECURRING  (+/ 

-) 

$ 

-320. 

(1)  DISCOUNT  FACTOR 

(TABLE  A) 

9.11 

(2)  DISCOUNTED  SAVING/COST  (3A  X 

3A1) 

$ 

“2915. 

C.  TOTAL  NON  ENERGY  DISCOUNTED  SAVINGS(+)  /COST(-)  (3A2+3Bd4)  $  -2915. 


D.  PROJECT  NON  ENERGY  QUALIFICATION  TEST 

(1)  25%  MAX  NON  ENERGY  CALC  (2F5  X  ,33)  $  248. 

A  IF  3D1  IS  =  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  =  (2F5+3D1)/1F)=  ^ 

C  IF  3D1B  IS  =  >  1  GO  TO  ITEM  4 

D  IF  3D1B  IS  <  1  PROJECT  DOES  NOT  QUALIFY 

4.  FIRST  YEAR  DOLLAR  SAVINGS  2F3+3A+(3BlD/( YEARS  ECONOMIC  LIFE))  $  -260. 

5.  TOTAL  NET  DISCOUNTED  SAVINGS  {2F5+3C)  $  -2164. 

6.  DISCOUNTED  SAVINGS  RATIO  (SIR)=(5  /  1F)=  -.40 

(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 

7.  SIMPLE  PAYBACK  PERIOD  (ESTIMATED)  SPB=lF/4  -20.58 
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ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 
FT.  SILL.  OKLAHOMA 

CENTRAL  PLANT:  2812 

ENERGY  CONSERVATION  OPPORTUNITY:  ECO-  8 

SYSTEM  MODIFICATION:  BOILER  OPTIMIZATION,  CONTROL  &  INSTRUMENTATION 

SYSTEMS  TO  MODIFY:  BOILER  1  AND  2 


CALCULATION  DESCRIPTION: 

Two  PC-CUBE  program  computer  runs  are  compared  to  determine  the  energy  savings  for 
ECO -8,  install  instrumentation  connected  to  EMCS  for  boiler  optimization. 

The  first  computer  run  (Baseline)  is  a  simulation  of  the  existing  structure,  equipment,  and 
systems,  and  how  they  are  presently  operated.  The  second  computer  run  (ECO)  is  also  a 
simulation  of  the  existing  building  with  modifications  implemented  in  the  systems,  equipment, 
or  the  operation.  The  difference  in  the  totals  from  the  two  computer  runs  represents  the  savings. 


ANNUAL  UTILITY  SAVINGS 


PC  CUBE  RUN 

Electric 

Nat.  Gas 
(MMBtu) 

Total  Energy 
(MMBtu) 

Demand  (kW) 

Energy(kWh) 

Baseline 

— 

— 

27,451 

27,451 

ECO 

— 

— 

27,144 

27,144 

Savings  (Baseline-ECO) 

0 

0 

307 

307 

NOTE:  The  savings  for  this  ECO  did  not  consider  any  interrelated  savings  with  other 

ECOs  identified  as  economically  feasible. 


X 

X 

$0  + 


ENERGY  COST  SAVINGS: 

Electricity:  0  MMBtu/Yr 

Nat.  Gas:  307  MMBtuA'r 

Total  Energy  Cost  Savings: 

NON -ENERGY  SAVINGS  (+),  COST  (-): 

Demand:  0  kW/monlh  X 

=  (+)  $0  per  year 

=  (-)  $1 ,543  per  year 


$4.0141  /MMBtu  = 
$2.92/MMBtu  = 
$896 

$1.787/kW  X 


$0  per  year 
$896  per  year 
$896  per  year 

12  months/year 


Maintenance: 

Total: 


$0 


$1,543 


($1 ,543)  per  year 


[ECO-SHT.WK3) 
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PC-CUBE  VERSION  2.0.3 


PAGE  NO-  20 


CENTRAL  PLANT  2812  BASELINE- 1 

SYSTEM  Cl  HEATING,  COOLING,  DOMESTIC  HW,  AND  DIST.  LOSS 


FUEL  AND  POWER  CONSUMPTION  SYSTEM  Cl 

TOTAL  GAS  CONSUMP. ,  1000  CU  FT  27450. 

PEAK  DAY  GAS  CONSUME.,  1000  CU  FT  237. 

ELECll^ICAL  CONSUMPTION,  KWH  479788. 

PEAK  KW  DEMAND  (15  MIN  BASIS)  192. 

PURCHASED  ELECTRIC  POWER 

ON-PEAK  CONSUMPTION  KWH  479788. 

C»l-PEAK  KW  DEMAND  (15  MIN  BASIS)  192. 

MID-PEAK  CONSUMPTIC^I  KWH  0. 

MID-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

OFF-PEAK  CONSUMPTION  KWH  0. 

OFF-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

GENERATED  ELECTRICAL  POWER  KWH  0. 

SOLD  ELECTRICAL  POWER  KWH 

AUXILIARY  FUEL  CONSUMPTION  0. 

DIR.  PROC.  GAS  CONSUMP.,  1000  CF  0- 

CHILLER  OPERATING  HOURS 

CHILLER  1  3672 

BOILER  OPERATING  HOURS 

BOILER  1  3624 

BOILER  2  3027 

RECOVERABLE  HEAT  USED,  MBTU  0. 

RECOVERABLE  HEAT  UNUSED,  MBTU  0. 


**  TOTAL  ** 


D-2812-36 


PC-CUBE  VERSION  2.0.3 


PAGE  NO, 


8 


CENTRAL  PLANT  2812  BOILER  ECO-2 

SYSTEM  Cl  HEATING,  COOLING,  DOMESTIC  HW,  AND  DIST.  LOSS 


FUEL  AND  POWER  CONSUMPTION  SYSTEM  Cl 

TOTAL  GAS  CONSUMP. ,  1000  CU  FT  27143. 

PEAK  DAY  GAS  CONSUMP.,  1000  CU  FT  237. 

ELECTRICAL  CONSUMPTION,  KWH  469753. 

PEAK  KW  DEMAND  (15  MIN  BASIS)  192. 

PURCHASED  ELECTRIC  POWER 

ON “PEAK  CONSUMPTION  KWH  469753. 

ON“PEAK  KW  DEMAND  (15  MIN  BASIS)  192. 

MID-PEAK  CONSUMPTION  KWH  0. 

MID-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

OFF-PEAK  CONSUMPTION  KWH  0. 

OFF-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

GENERATED  ELECTRICAL  POWER  KWH  0. 

SOLD  ELECTRICAL  POWER  KWH  0. 

AUXILIARY  FUEL  CONSUMPTION  0. 

DIR.  PROC.  GAS  CONSUMP.,  1000  CF  0. 

CHILLER  OPERATING  HOURS 

CHILLER  1  3672 

BOILER  OPERATING  HOURS 

BOILER  1  3624 

BOILER  2  2955 

RECOVERABLE  HEAT  USED,  MBTU  0. 

RECOVERABLE  HEAT  UNUSED,  MBTU  0. 


**  TOTAL  ** 


0-2812-37 


FURNACE  DRAFT  DIFFERENTIAL  PRESSURE:^ 
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DATE  PREPARED 

12“Apr-91 

SHT  OF 

CHECKED  BY  CEL 

SHIPPING 

B  5: 

1 

Unit 

Wt 

i 

EFFECTIVE  PRICING 

DATE  APR.  91 

DRAWING  NO. 

KC 

TOTAL 

$1,664 

$1,664 

$530 

0 

CO 

$530 

$7,570 

0 

N 

CM 

$270 

$569 

$7,642 

$570 

($6,625) 

$17,006 

CM 

cm“ 

0 

$21 .428 

$4,286 

$26,713 

$1,414 

$27,128 

ESTIMATOR 

MATERIAL 

Cost 

$656 

$656 

CM 

U) 

$410 

$452 

$3,681 

$500 

$6,966 

$413 

($5,403) 

<0 

00 

$2,270 

O) 

$17,874 

$3,575 

$21 ,449 

$1,180 

0) 

CM 

(0 

cm" 

CM 

INVITATION  NO./CONTRACT  NO. 

DACA  59-90-C-0087 

Unit 

Price 

$328 

$328 

$226 

$205 

$226 

$3,681 

500 

$3,483 

$207 

O 

UJ 

Q 

O 

O 

EQUIPMENT 

Cost 

X  CODE  B 

oc 

LU 

X 

\- 

O 

Unit 

Price 

< 

UJ 

o 

O 

O 

LABOR 

Cost 

$352 

$352 

$78 

$310 

00 

$208 

$270 

$270 

69$ 

$676 

$157 

($1,222) 

$2,820 

_J 

CD 

CM 

4» 

$3,553 

$711 

$4,264 

lA 

CO 

0> 

0> 

i 

1 

Unit 

Price 

176 

176 

39 

155 

20 

00 

0 

CM 

45 

45 

20 

338 

20 

W 

tn 

CO 

% 

I 

g 

u. 

J  S 

COST  ESTIMATE  ANALYSIS 

PROJECT  ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER 

LOCATION  FT.  SILL,  OKLAHOMA 

Total 

Hrs 

4.0 

6.0 

6.0 

3.5 

0 

CO 

MH/ 

Unit 

2.0 

0*9 

6.0 

3.5 

4.0 

Quantity 

Unit 

Meas 

EA 

EA 

s 

3 

EA 

LS 

< 

Ui 

EA 

LS 

EA 

No.  Of 

Units 

CM 

CM 

CM 

CM 

CM 

r- 

CM 

CM 

16.0% 

0 

6 

0 

6 

CM 

5.5% 

BOILER  ECO  BLDG.  2812 

OPTIMIZE  BOILER  SEQUENCE 

TASK  DESCRIPTION 

INSTRUMENTATION  FOR  2  HW  BOILERS 

HWS  TEMPERATURE  SENSOR  * 

HWR  TEMPERATURE  SENSOR  * 

Q. 

CO 

H 

CO 

Gl 

$ 

X 

DP  (LIQUID)  PUMP  STATUS  * 

BOILER  ST/SP 

FID  PANELS  ACCESSORIES  * 

FID  SOFTWARE  COMMISSIONING 

FID  TESTING 

INST.  FLOW  METER 

STACK  02  SENSOR 

STACK  TEMP.  SENSOR 

CREDIT  FROM  EMCS  PROJECT  * 

SUBTOTAL 

OVERHEAD.  BOND 

PROFIT 

COST  SUB-TOTAL 

CONTINGENCY 

SUBTOTAL 

S&A 

h- 

LiJ 

111 

Z 

CO 

|5 

0 

H 
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LIFE  CYCLE  COST  ANALYSIS  SUMMARY  STUDY;  B28I2E12 

ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP)  LCCID  1.035 

INSTALLATION  &  LOCATION:  FT.  SILL,  OKLAHOMA  REGION  NOS.  6  CENSUS:  3 

PROJECT  NO.  &  TITLE:  3002-000  ENERGY  SURVEY  OF  ARMY  BOILER/ CHILLERS 
FISCAL  YEAR  1991  DISCRETE  PORTION  NAME:  BOILER  OPTIMIZATION 
ANALYSIS  DATE:  04-12-91  ECONOMIC  LIFE  15  YEARS  PREPARED  BY:  KC 


1 .  INVESTMENT 

A.  CONSTRUCTION  COST  $ 

B.  SIOH  $ 

C.  DESIGN  COST  $ 

D.  ENERGY  CREDIT  CALC  (1A+1B+1C)X.9  $ 

E.  SALVAGE  VALUE  COST  -$ 

F.  TOTAL  INVESTMENT  (ID-IE)  $ 


2.  ENERGY  SAVINGS  (+)  /  COST  (-) 

ANALYSIS  DATE  ANNUAL  SAVINGS,  UNIT  COST  &  DISCOUNTED  SAVINGS 


25713. 

1415. 

1543. 

25804. 

0. 

25804. 


3. 


UNIT  COST 

SAVINGS 

ANNUAL  $ 

DISCOUNT 

DISCOUNTED 

FUEL 

$/MBTU(l) 

MBTU/YR(2) 

SAVINGS ( 3 ) 

FACTOR(4) 

SAVINGS ( 5 ) 

A. 

ELECT 

$  4.01 

0. 

$ 

0. 

8.78 

0. 

B. 

DIST 

$  .00 

0. 

$ 

0. 

12.34 

0. 

C. 

RESID 

$  .00 

0. 

$ 

0. 

12.05 

0. 

D. 

NAT  G 

$  2.92 

307, 

$ 

896. 

12.48 

11188. 

E. 

COAL 

$  .00 

0. 

$ 

0. 

10.01 

0. 

F. 

TOTAL 

307. 

$ 

896. 

$  11188. 

NON 

ENERGY 

SAVINGS (+)  / 

COST(-) 

A. 

ANNUAL 

RECURRING  (+/ 

$  -1543. 

(1)  DISCOUNT  FACTOR 

(TABLE  A) 

9.11 

(2)  DISCOUNTED  SAVING/COST  (3A  X 

3A1) 

$  -14057. 

C.  TOTAL  NON  ENERGY  DISCOUNTED  SAVINGS (+)  /COST(-)  (3A2+3Bd4)  $  -14057. 


D.  PROJECT  NON  ENERGY  QUALIFICATION  TEST 

(1)  25%  MAX  NON  ENERGY  CALC  (2F5  X  .33)  $  3692. 

A  IF  3D1  IS  =  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  =  (2F5+3D1)/1F)=  _ 

C  IF  3D1B  IS  =  >  1  GO  TO  ITEM  4 

D  IF  3D1B  IS  <  1  PROJECT  DOES  NOT  QUT^IFY 

4.  FIRST  YEAR  DOLLAR  SAVINGS  2F3+3A+(3BlD/( YEARS  ECONOMIC  LIFE))  $  -647. 

5.  TOTAL  NET  DISCOUNTED  SAVINGS  (2F5+3C)  $  -2869. 

6.  DISCOUNTED  SAVINGS  RATIO  (SIR)=(5  /  1F)=  -.11 

(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 

7.  SIMPLE  PAYBACK  PERIOD  (ESTIMATED)  SPB=lF/4  -39.91 


D-2812-41 


ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 
FT.  SILL,  OKLAHOMA 


CENTRAL  PLANT:  2812 

ENERGY  CONSERVATION  OPPORTUNITY:  ECO-  9 

SYSTEM  MODIFICATION:  RENOVATE  BOILERS 
SYSTEMS  TO  MODIFY:  BOILERS  1 , 2,  AND  3 


CALCULATION  DESCRIPTION: 

Two  PC-CUBE  program  computer  runs  are  compared  to  determine  the  energy  savings  for 
ECO-9,  renovate  or  replace  existing  boilers. 

The  first  computer  run  (Baseline)  is  a  simulation  of  the  existing  structure,  equipment,  and 
systems,  and  how  they  are  presently  operated.  The  second  computer  run  (ECO)  is  also  a 
simulation  of  the  existing  building  with  modifications  implemented  in  the  systems,  equipment, 
or  the  operation.  The  difference  in  the  totals  from  the  two  computer  runs  represents  the  savings. 


ANNUAL  UTILITY  SAVINGS 


PC  CUBE  RUN 

E 

lectric 

Nat.  Gas 
(MMBtu) 

Total  Energy 
(MMBtu) 

Demand(kW) 

Energy(kWh) 

Baseline 

— 

— 

27,451 

27,451 

ECO 

— 

— 

26,830l 

26,830 

Savinas  fBaseline-ECO) 

0 

.  0 

621 

621 

NOTE;  The  savings  for  this  ECO  did  not  consider  any  interrelated  savings  with  other 
ECOs  identified  as  economically  feasible. 


ENERGY  COST  SAVINGS: 

Electricity: 

0  MMBtuA'r  X 

$4.0141  /MMBtu  = 

$0  per  year 

Nat.  Gas: 

621  MMBtuA'r  X 

$2.92 /MMBtu  = 

$1,813  per  year 

Total  Energy  Cost  Savings: 

$0  + 

$1,813 

$1,813  per  year 

NON -ENERGY  SAVINGS  (+),  COST  (-): 

Demaid: 

0  kW/month  X 

$1.787/kW  X 

12  months/year 

=  {+) 

$0  per  year 

Maintenance:  =  (-) 

$1 ,056  per  year 

Total: 

$0 

$1,056 

($1,056)  per  year 

D-2812-42 


PC-CUBE  VERSION  2.0.3 

CENTRAL  PLANT  2812  BASELINE- 1 

SYSTEM  Cl  HEATING,  COOLING,  DOMESTIC  HW,  AND  DIST.  LOSS 


FUEL  AND  POWER  CONSUMPTION  SYSTEM  Cl 

TOTAL  GAS  CONSUME.,  1000  CU  FT  27450. 

PEAK  DAY  GAS  CONSUME.,  1000  CU  FT  237. 

ELECTRICAL  CONSUMPTION,  KWH  479788. 

PEAK  KW  DEMAND  (15  MIN  BASIS)  192. 

PURCHASED  ELECTRIC  POWER 

ON-PEAK  CONSUMPTION  KWH  479788. 

ON-PEAK  KW  DEMAND  (15  MIN  BASIS)  192. 

MID-PEAK  CONSUMPTION  KWH  0. 

MID-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

OFF-PEAK  CONSUMPTION  KWH  0. 

OFF-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

GENERATED  ELECTRICAL  POWER  KWH  0. 

SOLD  ELECTRICAL  POWER  KWH  0. 

AUXILIARY  FUEL  CONSUMPTION  0. 

DIR.  PROC.  GAS  CONSUMP.,  1000  CF  0. 

CHILLER  OPERATING  HOURS 

CHILLER  1  3672 

BOILER  OPERATING  HOURS 

BOILER  1  3624 

BOILER  2  3027 

RECOVERABLE  HEAT  USED,  MBTU  0. 

RECOVERABLE  HEAT  UNUSED,  MBTU  0. 


PAGE  NO. 


**  TOTAL  ** 


i 


20 


D-2812-43 


PC-CUBE  VERSION  2.0.3 

CENTRAL  PLANT  2812  BOILER  ECO- 3 

SYSTEM  Cl  HEATING,  COOLING,  DOMESTIC  HW,  AND  DIST.  LOSS 


FUEL  AND  POWER  CONSUMPTION  SYSTEM  Cl 

TOTAL  GAS  CONSUMP.,  1000  CU  FT  26830. 

PEAK  DAY  GAS  CONSUMP.,  1000  CU  FT  237. 

ELECTRICAL  CONSUMPTION,  KWH  479788. 

PEAK  KW  DEMAND  (15  MIN  BASIS)  192. 

PURCHASED  ELECTRIC  POWER 

ON -PEAK  CONSUMPTION  KWH  479788. 

ON-PEAK  KW  DEMAND  (15  MIN  BASIS)  192. 

MID-PEAK  CONSUMPTION  KWH  0. 

MID-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

OFF-PEAK  CONSUMPTION  KWH  0. 

OFF-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

GENERATTiD  ELECTRICAL  POWER  KWH  0. 

SOLD  ELECTRICAL  POWER  KWH  0. 

AUXILIARY  FUEL  CONSUMPTION  0. 

DIR.  PROC.  GAS  CONSUMP.,  1000  CF  0. 

CHILLER  OPERATING  HOURS 

CHILLER  1  3672 

BOILER  OPERATING  HOURS 

BOILER  1  3624 

BOILER  2  3027 

RECOVERABLE  HEAT  USED,  MBTU  0. 

RECOVERABLE  HEAT  UNUSED,  MBTU  0. 
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**  TOTAL 
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I 


I 


% 


tf 
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DA  FORM  5418-1 


LIFE  CYCLE  COST  ANALYSIS  SUMMARY  STUDY:  B2812EC3 

ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP)  LCCID  1.035 

INSTALLATION  &  LOCATION;  FT.  SILL,  OKLAHOMA  REGION  NOS.  6  CENSUS;  3 

PROJECT  NO.  &  TITLE:  3002-000  ENERGY  SURVEY  OF  ARMY  BOILER/CHILLERS 
FISCAL  YEAR  1991  DISCRETE  PORTION  NAME;  BOILER  RENOVATION 
ANALYSIS  DATE:  04-09-91  ECONOMIC  LIFE  15  YEARS  PREPARED  BY:  KC 


1 .  INVESTMENT 


A. 

CONSTRUCTION  COST 

$ 

6012. 

B. 

SIOH 

$ 

331. 

C. 

DESIGN 

COST 

$ 

361. 

D. 

ENERGY 

CREDIT  CALC 

(1A+1B+1C)X.9 

$ 

6034. 

E. 

SALVAGE  VALUE  COST 

- 

•$ 

0. 

F. 

TOTAL 

INVESTMENT  (ID-IE) 

$ 

6034. 

ENERGY  SAVINGS  (+)  / 

COST  (-) 

ANALYSIS  : 

DATE  ANNUAL 

SAVINGS,  UNIT  COST  & 

DISCOUNTED  SAVINGS 

UNIT  COST  SAVINGS 

ANNUAL  $ 

DISCOUNT 

DISCOUNTED 

FUEL 

$/MBTU(l) 

MBTU/YR(2) 

SAVINGS ( 3 ) 

FACTOR(4) 

SAVINGS ( 5 ) 

A. 

ELECT 

$  4.01 

0. 

$ 

0. 

8.78 

0. 

B. 

DIST 

$  .00 

0. 

$ 

0. 

12.34 

0. 

C. 

RESID 

$  .00 

0. 

$ 

0. 

12.05 

0. 

D. 

NAT  G 

$  2.92 

621. 

$ 

1813. 

12.48 

22630. 

E. 

COAL 

$  .00 

0. 

$ 

0. 

10.01 

0. 

F. 

TOTAL 

621. 

$ 

1813. 

$ 

22630. 

NON  ENERGY  SAVINGS (+) 

/  COST(‘-) 

A. 

ANNUAL  RECURRING 

(+/-) 

9.11 

$ 

-1056. 

(1)  DISCOUNT  FACTOR  (TABLE  A) 

(2)  DISCOUNTED  SAVING/COST  (3A  X 

3A1) 

$ 

-9620. 

C. 

TOTAL 

NON  ENERGY  DISCOUNTED  SAVINGS (+) 

/COST(-) 

{3A2+3Bd4) 

$ 

-9620. 

D. 

PROJECT  NON  ENERGY  QUALIFICATION 

TEST 

(1)  25%  MAX  NON  ENERGY  CALC  (2F5  X  .33)  $  7468. 

A  IF  3D1  IS  =  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  =  (2F5+3D1)/1F)=  _ 

C  IF  3D1B  IS  =  >  1  GO  TO  ITEM  4 

D  IF  3D1B  IS  <  1  PROJECT  DOES  NOT  QUALIFY 


4.  FIRST  YEAR  DOLLAR  SAVINGS  2F3+3A+(3B1D/ (YEARS  ECONOMIC  LIFE))  $ 

5.  TOTAL  NET  DISCOUNTED  SAVINGS  (2F5+3C)  $ 

6.  DISCOUNTED  SAVINGS  RATIO  (SIR)=(5  /  1F)=  2.16 

(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 

7.  SIMPLE  PAYBACK  PERIOD  (ESTIMATED)  SPB=lF/4  7.97 


757. 

13010. 


D-2812-46 


ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 
FT.  SILL.  OKLAHOMA 


CENTRAL  PLANT:  2812 

ENERGY  CONSERVATION  OPPORTUNITY:  ECO-  16 

SYSTEM  MODIFICATION:  ENGINE  DRIVEN  CHILLER 
SYSTEMS  TO  MODIFY:  CHILLER  1 


CALCULATION  DESCRIPTION: 

Two  PC- CUBE  program  computer  runs  are  compared  to  determine  the  energy  savings  for 
ECO-16,  install  nat.  gas  engine  driven  chiller. 

The  first  computer  run  (Baseline)  is  a  simulation  of  the  existing  structure,  equipment,  and 
systems,  and  how  they  are  presently  operated.  The  second  computer  run  (ECO)  is  also  a 
simulation  of  the  existing  building  with  modifications  implemented  in  the  systems,  equipment, 
or  the  operation.  The  difference  in  the  totals  from  the  two  computer  runs  represents  the  savings. 


ANNUAL  UTILITY  SAVINGS 


NOTE:  The  savings  for  this  ECO  did  not  consider  any  interreiated  savings  with  other 

ECOs  identified  as  economicaily  feasible. 


ENERGY  COST  SAVINGS: 

Electricity:  949  MMBtu/Yr  X  $4.0141 /MMBtu  =  $3,809  per  year 

Nat.  Gas:  -1450  MMBtu/Yr  X  $2.92 /MMBtu  =  ($4,234)per  year 

Total  Energy  Cost  Savings:  $3,809  +  ($4,234)  =  ($425)  per  year 

NON-ENERGY  SAVINGS  (+),  COST  (-): 

Demaid:  144  kW/month  X  $1.787/kW  X  12  months/year 


=  (+)  $3,088  per  year 


D-2812-47 


CENTRAL  PLANT  2812  BASELINE- 1 


PC-CUBE  VERSION  2.0.3 


PAGE  NO. 


idfkhifkltic'k'ftititltltitmfii 


GAS 

GAS 

ON-PK 

ON-PK 

DEMAND 

CONSUMP 

DEMAND 

CONSUMP 

MCF 

MCF 

KW 

THOU  KWH 

Cl 

1 

237. 

7351. 

15. 

11. 

Cl 

2 

237. 

6124. 

15. 

10. 

Cl 

3 

165, 

4512. 

15. 

11. 

Cl 

4 

0. 

0. 

0. 

0. 

Cl 

5 

0. 

0. 

108. 

65. 

Cl 

6 

0. 

0. 

171. 

87. 

Cl 

7 

0. 

0. 

189. 

97. 

Cl 

8 

0. 

0. 

192. 

98. 

Cl 

9 

0. 

0. 

148. 

79. 

Cl 

10 

0. 

0. 

0. 

0. 

Cl 

11 

131- 

3330. 

15. 

11. 

Cl 

12 

223. 

6134. 

15. 

11. 

PURCHASED 

ELECTRICAL 

★  ★******lk******** 

MID-PK 

MID-PK 

OFF-PK 

OFF-PK 

AUX 

AUX 

DEMAND 

CONSUMP 

DEMAND 

CONSUMP 

FUEL 

FUEL 

KW 

THOU  KWH 

KW 

THOU  KWH 

CONSUMP 

HRS 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

Electrical  Consumption  May  through  September,  426,000  kWh 
Electrical  Demand  Peak,  August,  192  kW 


24 


D-2812-48 


PC-CUBE  VERSION  2.0.3 


PAGE  NO.  12 


CENTRAL  PLANT  2812  ECO- 15 


****************** 


GAS 

GAS 

ON-PK 

ON-PK 

DEMAND 

CONSUMP 

DEMAND 

CONSUMP 

MCF 

MCF 

KW 

THOU  KWH 

Cl 

1 

0. 

0. 

0. 

0. 

Cl 

2 

0. 

0. 

0. 

0. 

Cl 

3 

0. 

0. 

0. 

0. 

Cl 

4 

43. 

1053. 

8. 

5. 

Cl 

5 

49. 

1444. 

43. 

30. 

Cl 

6 

47. 

1295. 

47. 

29. 

Cl 

7 

46. 

1304. 

48. 

30. 

Cl 

8 

46. 

1303. 

00 

30. 

Cl 

9 

49. 

1356. 

45. 

29. 

Cl 

10 

43. 

1089. 

8. 

6. 

Cl 

11 

0. 

0. 

0. 

0. 

Cl 

12 

0. 

0. 

0. 

0. 

PURCHASED 

ELECTRICAL 

***************** 

MID-PK 

MID-PK 

OFF-PK 

OFF-PK 

AUX 

AUX 

DEMAND 

CONSUMP 

DEMAND 

CONSUMP 

FUEL 

FUEL 

KW 

THOU  KWH 

KW 

THOU  KWH 

CONSUMP 

HRS 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

Gas  Consumption  May  through  September,  6702  MMBtu 
Electrical  Consumption  May  through  September,  148,000  kWh 
Electrical  Demand  Peak,  August,  48  kW 


D-2812-49 


PC -CUBE  VERSION  2.0.3 


PAGE  NO.  22 


CENTRAL  PLANT  2812  BASELINE- 2 


********<>(*********  purchased  ELECTRICAL  ****************** 


GAS 

GAS 

ON-PK 

ON-PK 

MID-PK 

MID-PK 

OFF-PK 

OFF-PK 

AUX 

AUX 

DEMAND 

CONSUME 

DEMAND 

CONSUME 

DEMAND 

CONSUME 

DEMAND 

CONSUME 

FUEL 

FUEL 

MCF 

MCF 

KW 

THOU  KWH 

KW 

THOU  KWH 

KW 

THOU  KWH 

CONSUME 

HRS 

Cl 

1 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

Cl 

2 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

Cl 

3 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

Cl 

4 

39. 

1030. 

8. 

5. 

0. 

0. 

0. 

0. 

0. 

0. 

Cl 

5 

39. 

1064. 

8. 

6. 

0. 

0. 

0. 

0. 

0. 

0. 

Cl 

6 

40. 

1030. 

8. 

5. 

0. 

0. 

0. 

0. 

0. 

0. 

Cl 

7 

39. 

1064. 

8. 

6. 

0. 

0. 

0, 

0. 

0. 

0. 

Cl 

8 

39. 

1064. 

8. 

6. 

0. 

0. 

0. 

0. 

0. 

0. 

Cl 

9 

39. 

1030. 

8. 

5. 

0. 

0. 

0. 

0. 

0. 

0. 

Cl 

10 

39. 

1064. 

8. 

6. 

0, 

0. 

0. 

0. 

0. 

0. 

Cl 

11 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

Cl 

12 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

Gas  Consumption  May  through  September,  5252  MMBtu 
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Centrifugal  Compressor  Line 


30  to  95%  Energy  Savings 
Fully  Automatic 
Unattended  Operation 

Continuous  20  to  100% 
Modulation 

Open  Drive  Compressor 
Hot  Water  Available 
Remote  Diagnostics 
Made  in  U.S.A. 


TECOCHILL  centrifugal  chillers  provide 
cost  effective  and  reliable  chilled  water 
for  commercial,  industrial  and  institu¬ 
tional  cooling  needs.  The  chillers 
combine  the  familiarity  of  vapor  com¬ 
pression  refrigeration  with  the  energy 
efficiency  of  TecoDrive,  a  natural  gas 
prime  mover.  TECOCHILL  chillers 
provide  substantial  savings  over  electric 
and  absorption  chillers  by  reducing 
energy  costs  30  to  95%.  These  savings 
are  due  to  an  exceptionally  efficient 
design,  lower  utility  costs  and  avoided 
electric  demand  charges. 


The  TECOCHILL  CH-500  chiUer 
uses  two  TecoDrive  engines 
directly  coupled  to  open-drive 
centrifugal  compressors.  The 
TECOCHILL  CH-250  chiller  uses  a 
single  TecoDrive  engine.  Teco¬ 
Drive  engines  have  earned  a  strong 
reputation  for  reliability  and  per¬ 
formance  in  the  HVAC  community. 
This  reputation  has  resulted  from 
millions  of  hours  of  operation  in 
chillers  and  cogeneration  modules. 

TECOCHILL  chillers  provide  the 
highest  coefficient  of  performance 
(COP)  of  any  type  of  gas  chiller. 

The  inherent  variable  speed  capa¬ 
bility  of  the  TecoDrive  engine  and 
compressor  team  offers  even 
higher  part-load  system  efficiencies 
and  superior  load  following 
capability.  Continuous  modulation 
from  20  to  100%  provides  custom¬ 
ers  with  precisely  controlled  chilled 
water  temperature. 


A  powerful  microprocessor  based 
control  system  provides  fully  auto¬ 
matic  operation,  continuous  chiller 
monitoring,  digital  display,  fault 
and  safety  diagnostics  and  conven¬ 
ient  interface  to  energy  manage¬ 
ment  systems  in  a  user-friendly 
package.  These  features  have 
resulted  in  a  significant  reduction 
in  service  costs. 

Optional  equipment  includes  a 
heat  recovery  package  that  yields  as 
much  as  1,700,000  Btu/hr  of  hot 
water  which  can  supplement  boilers 
or  other  thermal  needs.  Acoustical 
enclosures  are  available  that  reduce 
noise  level.  A  remote  monitoring 
and  control  system  is  available  that 
permits  remote  operation  and 
diagnostics  via  telephone  and 
personal  computer. 


TECOCHILL  CH-250 


Heat  Recovery 
Connections  I  1/2" 
Copper  Sweat 


Optional 

Acoustical 

Enclosure 


Centrifugal 

Compressor 


TecoDrive  ■ 
Engine 


TecoDrive  Engine- 


2 -10"  ISO#  ^ 
ANSI  Flange  . 
Condenser  ^ 
Cooling  Water 
Supply/Return 

‘  2-8’’l50#<" 

ANSI  Flange 
Chilled  Water 
Supply/Reiurn 


MicroprcKCSSor 
Control  Panel 


Made  in  the  USA,  TECOCHILL  chill¬ 
ers  are  readily  available  and  serv¬ 
iced  by  factory-trained  local  HVAC 
service  professionals.  TECOCHILL 
chillers  are  equal  in  size  to  electric 
chillers  and  smaller  than  absorption 
chillers  Also,  open-drive  compres¬ 
sors  allow  easier  conversion  to 
alternate  refrigerants  in  the  future. 
The  chiller  has  been  designed  for 
ease  of  installation  and  with 
standard  connections. 

A  cooling  system  evaluation  is  no 
longer  complete  without  a  TECO¬ 
CHILL  comparison.  For  further 
information,  please  contact  Tecogen 
Inc.  direedy  or  our  local  sales 
representative. 


TECOCHILL  CH-500 


Heat  Recovery 
Connections  1  1/2" 
^  Copper  Sweat  ^ 

(}as  Feed  /''x 


Optional 

Acoustical 

Enclosure 


Evaporator 


Microprocessor 
Control  Panel  — 


Centrifugal 

Compressor 

J 


15'  - 

Plan  View 


4"  ANSI  Flange  .  , 

For  Exhaust 

.  Acoustical 


4"  ANSI  Flange 
For  Exhaust 


TecoDrive 
Engine  — 


.  Enclosure  Centrihigal 
Compressor 


TecoDrive 
^  Engine 


Optional 
/  Acoustical 
-/  Enclosures 


-  Centrifugal 
Compressor 


2-8"  150#  /  P- 

ANSI  Flange  ,  ^ 
Condenser  ^  |. 

Cooling  Water 
Supply/Return 

/ 

2-8"  150# 
ANSI  Flange 
Chilled  Water 
Supply/Return 


Microprocessor 
Control  Panel 


Condenser/Evaporator  Shell 


2  -  10"  150# 

ANSI  Flange  7’ 10" 
Condenser  / 

Cooling  Water 
Supply/Return 

2  -  8"  150#  / 

ANSI  Flange 

Chilled  Water  - 

Suppiy/Return 


Microprocessor 
Control  Panel 


Note:  Clearance  of  three  feet  required  on  all  sides.  Scale;  3/l6"  =  1  ft. 
All  specifications  and  materials  subject  to  change  without  notice. 

All  specifications  and  ratings  are  +5% 
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GENERAL  SPECIFICATIONS 
Model 


- ^QIL^.250 _ Cll  -  500 


Capacity  (Tons)' 

_230 

A'SO 

COP 

- - 

Full  load 

1.7 

1.7 

Integrated  Part  Load  Value  (IPLV) 

2.0 

2.0 

RPM  Full  Load 

3000 

3000 

_@6  *  28  in.  up 

1750 

3500 

Recoverable  Heat  at  Full  Load  ITJ/H)* 

850,000 

1,700,000 

Acoustic  Level  (dBA)  @  20  ft.with  Optional  Enclosure 

82 

85 

Electric  Power  Requirements 

208  VAC  1  hree  phase, 

208  VAC  Three  phase, 

35  Amps  Service,  4  kW 

50  Amps  Service,  7  kW 

Chilled  Water  Flow(GPM) 

600  ' 

1200 

Cooling  Tower  Requirements 

Condenser  Flow  Rate  (GPM) 

750 

1500 

Pressure  Drop  (  ft.  1 1^0) 

11 

11 

Temperatures,  without  Exhaust  Heat  Exchangers  (°F)’  85.0  -  95.0 

85.0  -  95.0 

Temperatures,  with  Exhaust  Heat  Exchangers  (°F)* 

85.0  -  96.3 

85.0  -  96.3 

Exliaust 

Without  Exhaust  Heat  Exchangers^ 

4  in.  ANSI  Flange,  300  SCFM, 

26  in.  of  water  max. 

(Same  per  engine) 

back  pressure,  1200®F 

max.  temperature 

With  Exhaust  Heat  Exchangers^ 

4  in.  ANSI  Flange,  300  SCFM, 

16  in.  of  water  max. 

(Same  per  engine) 

back  pressure,  300®F 

max.  temperature 

Refrigerant 

R-ll(l,010  lbs.) 

R-11  (l,7701bs) 

TecoDrive^'^  Engines 

One 

- i 1 ^ - L _ _ 

Two 

Rigging  Weight  (lbs.) 

18,000 

26.000 

Dimensions  14’8Tong  x  4T 1"  wide  x  7T 1"  high  15'  long  x  8'  wide  x  y'lO"  high 

Nolc  1.  Per  API  550  -  88 Method  Note  j.  60%  of  beat  from  etigitte  jacket,  exhaust  manifold 

- _ 

/vwe  rut  Y  tuzu  tsi  u/^tt  and  oil  cooler;  40%  from  engine  exhaust  beat  exchanger 

All  specifications  and  materials  subject  to  change  without  notice. 
All  specifications  and  ratings  are  +5% 
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LIFE  CYCLE  COST  ANALYSIS  SUMMARY  STUDY:  2812EC15 

ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP)  LCCID  1.035 

INSTALLATION  &  LOCATION;  FT.  SILL,  OKLAHOMA  REGION  NOS.  6  CENSUS:  3 
PROJECT  NO.  &  TITLE:  3002-000  ENERGY  STUDY  ARMY  BOILER/CHILLERS 
FISCAL  YEAR  1991  DISCRETE  PORTION  NAME:  NAT.  GAS  ENGINE  DRIVEN  CHILLER 

REPLACEME 

ANALYSIS  DATE:  04-15-91  ECONOMIC  LIFE  25  YEARS  PREPARED  BY:  KC 

1 .  INVESTMENT 

A.  CONSTRUCTION  COST 

B.  SIOH 

C.  DESIGN  COST 

D.  ENERGY  CREDIT  CALC  ( 1A+1B+1C)X.9 

E.  SALVAGE  VALUE  COST 

F.  TOTAL  INVESTMENT  (ID-IE) 

2.  ENERGY  SAVINGS  (+)  /  COST  (-) 

ANALYSIS  DATE  ANNUAL  SAVINGS,  UNIT  COST  &  DISCOUNTED  SAVINGS 


UNIT  COST 

SAVINGS 

ANNUAL  $ 

DISCOUNT 

DISCOUNTED 

FUEL 

$/MBTU(l) 

MBTU/YR(2) 

SAVINGS ( 3 ) 

FACTOR(4) 

SAVINGS(5) 

A. 

ELECT 

$  4.01 

949. 

$ 

3809. 

11.37 

43313. 

B. 

DIST 

$  .00 

0. 

$ 

0. 

17.06 

0. 

C. 

RESID 

$  .00 

0. 

$ 

0. 

16.85 

0. 

D. 

NAT  G 

$  2.92 

-1450. 

$ 

-4234. 

17.52 

-74180. 

E. 

COAL 

$  .00 

0. 

$ 

0. 

13.34 

0. 

F. 

TOTAL 

-501. 

$ 

-425. 

$  -30867. 

NON 

ENERGY 

SAVINGS (+)  / 

COST(-) 

A. 

ANNUAL 

RECURRING  (+/ 

-) 

$  2704. 

(1)  DISCOUNT  FACTOR 

(TABLE  A) 

11.65 

(2)  DISCOUNTED  SAVING/COST  (3A  X 

3A1) 

$  31502. 

C.  TOTAL  NON  ENERGY  DISCOUNTED  SAVINGS(+)  /COST(-)  (3A2+3Bd4)  $  31502. 


D.  PROJECT  NON  ENERGY  QUALIFICATION  TEST 

(1)  25%  MAX  NON  ENERGY  CALC  (2F5  X  .33)  $ 

A  IF  3D1  IS  =  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  =  (2F5+3D1)/1F) 

C  IF  3D1B  IS  =  >  1  GO  TO  ITEM  4 

D  IF  3D1B  IS  <  1  PROJECT  DOES  NOT  QUALIFY 

4.  FIRST  YEAR  DOLLAR  SAVINGS  2F3+3A+(3B1D/ (YEARS  ECONOMIC  LIFE))  $  2279. 

5.  TOTAL  NET  DISCOUNTED  SAVINGS  (2F5+3C)  $  635. 

6.  DISCOUNTED  SAVINGS  RATIO  (SIR)=(5  /  1F)=  .00 

(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 

****  Project  does  not  qualify  for  ECIP  funding;  4,5,6  for  information  only. 

7.  SIMPLE  PAYBACK  PERIOD  (ESTIMATED)  SPB=lF/4  185.52 


-10186. 

-.10 


$  421406. 

$  23178. 

$  25285. 

$  422882. 

-$  0. 

$  422882. 
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ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 
FT.  SILL,  OKLAHOMA 


CENTRAL  PLANT:  2812 

ENERGY  CONSERVATION  OPPORTUNITY:  ECO-  17 

SYSTEM  MODIFICATION:  DECENTALIZE  BOILERS,  ELEC.  WATER  HEATER  IN  EACH  BLDG 

SYSTEMS  TO  MODIFY:  NEW  ELEC.  WATER  HEATER 


CALCULATION  DESCRIPTION: 

Two  PC-CUBE  program  computer  runs  are  compared  to  determine  the  energy  savings  for 
ECO-17,  install  electric  boilers  for  summer  DHW. 

The  first  computer  run  (Baseline)  is  a  simulation  of  the  existing  structure,  equipment,  and 
systems,  and  how  they  are  presently  operated.  The  second  computer  run  (ECO)  is  also  a 
simulation  of  the  existing  building  with  modifications  implemented  in  the  systems,  equipment, 
or  the  operation.  The  difference  in  the  totals  from  the  two  computer  runs  represents  the  savings. 


ANNUAL  UTILITY  SAVINGS 


PC  CUBE  RUN 

1  Electric  I 

Nat.  Gas 
(MMBtu) 

Total  Energy 
(MMBtu) 

Demand(kW) 

EneravfkWhl 

Baseline 

8 

38,000 

7,346 

7,476 

ECO 

184 

765,000 

0 

2,611 

Savings  (Baseline -ECO) 

(176) 

f727.0001 

7.346 

4.865 

NOTE:  The  savings  for  this  ECO  did  not  consider  any  interrelated  savings  with  other 

ECOs  identified  as  economically  feasible. 


ENERGY  COST  SAVINGS: 


Electricity: 

-2481  MMBtu/Yr 

X 

$4.0141  /MMBtu  = 

($9,960)per  year 

Nat.  Gas: 

7346  MMBtu/Yr 

X 

$2.92 /MMBtu  = 

$21,450  per  year 

Total  Energy  Cost  Savings: 

($9,960)  + 

$21,450 

$1 1 ,490  per  year 

NON-ENERGY  SAVINGS  (+),  COST  (-): 

Demend:  -176  kW/month 

X 

$1.787/kW  X 

12  months/year 

=  (+) 

($3,774)  per  year 

Maintenance: 

=  (-) 

$0  per  year 

Total: 

($3,774) 

$0 

($3,774)  per  year 

{ECO-SHT.WK3] 
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PC-CUBE  VERSION  2.0.3 

CENTRAL  PLANT  2812  BASELINE- 1 

SYSTEM  Cl  HEATING,  COOLING,  DOMESTIC  HW,  AND  DIST.  LOSS 


FUEL  AND  POWER  CONSUMPTION  SYSTEM  Cl 

TOTAL  GAS  CONSUMP. ,  1000  CU  FT  27450. 

PEAK  DAY  GAS  CONSUMP.,  1000  CU  FT  237. 

ELECTRICAL  CONSUMPTION,  KWH  479788. 

PEAK  KW  DEMAND  (15  MIN  BASIS)  192. 

PURCHASED  ELECTRIC  POWER 

ON-PEAK  CONSUMPTION  KWH  479788. 

ON-PEAK  KW  DEMAND  (15  MIN  BASIS)  192. 

MID-PEAK  CONSUMPTION  KWH  0. 

MID-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

OFF-PEAK  CONSUMPTION  KWH  0. 

OFF-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

GENERATED  ELECTRICAL  POWER  KWH  0. 

SOLD  ELECTRICAL  POWER  KWH  0. 

AUXILIARY  FUEL  CONSUMPTION  0. 

DIR.  PROC.  GAS  CONSUMP.,  1000  CF  0. 

CHILLER  OPERATING  HOURS 

CHILLER  1  3672 

BOILER  OPERATING  HOURS 

BOILER  1  3624 

BOILER  2  3027 

RECOVERABLE  HEAT  USED,  MBTU  0. 

RECOVERABLE  HEAT  UNUSED,  MBTU  0. 


PAGE  NO. 


**  TOTAL  ** 


20 
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PC-CUBE  VERSION  2.0.3 


PAGE  NO.  le 


CENTRAL  PLANT  2812  BASELINE- 2 

SYSTEM  Cl  SUMMER  HW  AND  DISTRIBUTION  LOSS 


FUEL  AND  POWER  CONSUMPTION  SYSTEM  Cl 

TOTAL  GAS  CONSUMP.,  1000  CU  FT  7348. 

PEAK  DAY  GAS  CONSUMP.,  1000  CU  FT  40. 

ELECTRICAL  CONSUMPTION,  KWH  38520. 

PEAK  KW  DEMAND  (60  MIN  BASIS)  8. 

PURCHASED  ELECTRIC  POWER 

ON-PEAK  CONSUMPTION  KWH  38520. 

ON-PEAK  KW  DEMAND  (60  MIN  BASIS)  8. 

MID-PEAK  CONSUMPTION  KWH  0. 

MID- PEAK  KW  DEMAND  (60  MIN  BASIS)  0. 

OFF-PEAK  CONSUMPTION  KWH  0. 

OFF-PEAK  KW  DEMAND  (60  MIN  BASIS)  0. 

GENERATED  ELECTRICAL  POWER  KWH  0. 

SOLD  ELECTRICAL  POWER  KWH  0- 


AUXILIARY  FUEL  CONSUMPTION 


DIR.  PROC.  GAS  CONSUMP,,  1000  CF  0- 

BOILER  OPERATING  HOURS 

BOILER  1  5136 

RECOVERABLE  HEAT  USED,  MBTU  0. 

RECOVERABLE  HEAT  UNUSED,  MBTU  0. 


**  TOTAL  ** 
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PC-CUBE  VERSION  2.0.3 

CENTRAL  PLANT  2812  BOILER  ECO-3B 

SYSTEM  El  ELECTRIC  HW  BOILER  FOR  EACH  BLDG. 


FUEL  AND  POWER  CONSUMPTION  SYSTEM  El 

TOTAL  GAS  CONSUME.,  1000  CU  FT  0. 

PEAK  DAY  GAS  CONSUME.,  1000  CU  FT  0. 

ELECTRICAL  CONSUMPTION,  KWH  764709. 

PEAK  KW  DEMAND  (15  MIN  BASIS)  184. 

PURCHASED  ELECTRIC  POWER 

ON-PEAK  CONSUMPTION  KWH  764709. 

ON-PEAK  KW  DEMAND  (15  MIN  BASIS)  184. 

MID-PEAK  CONSUMPTION  KWH  0. 

MID-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

OFF-PEAK  CONSUMPTION  KWH  0. 

OFF-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

GENERATED  ELECTRICAL  POWER  KWH  0. 

SOLD  ELECTRICAL  POWER  KWH  0, 

AUXILIARY  FUEL  CONSUMPTION  0. 

DIR.  PROC.  GAS  CONSUMP.,  1000  CF  0. 

RECOVERABLE  HEAT  USED,  MBTU  0. 

RECOVERABLE  HEAT  UNUSED,  MBTU  0. 


PAGE  NO.  5 


**  TOTAL  ** 
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LIFE  CYCLE  COST  ANALYSIS  SUMMARY  STUDY;  B2812E3B 

ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP)  LCCID  1.035 

INSTALLATION  &  LOCATION:  FT.  SILL,  OKLAHOMA  REGION  NOS.  6  CENSUS:  3 

PROJECT  NO.  &  TITLE:  3002-000  ENERGY  SURVEY  OF  ARMY  BOILER/ CHILLERS 
FISCAL  YEAR  1991  DISCRETE  PORTION  NAME:  ELECTRIC  BOILER 
ANALYSIS  DATE:  04-12-91  ECONOMIC  LIFE  25  YEARS  PREPARED  BY:  KC 


1 .  INVESTMENT 

A.  CONSTRUCTION  COST 

B.  SIOH 

C.  DESIGN  COST 

D.  ENERGY  CREDIT  CALC  (1A+1B+1C)X.9 

E.  SALVAGE  VALUE  COST 

F.  TOTAL  INVESTMENT  (ID- IE) 


$  171638. 

$  9440. 

$  10299. 

$  172239. 

-$  0. 

$  172239. 


2.  ENERGY  SAVINGS  (+)  /  COST  (-) 

ANALYSIS  DATE  ANNUAL  SAVINGS,  UNIT  COST  &  DISCOUNTED  SAVINGS 


UNIT  COST 

SAVINGS 

ANNUAL  $ 

DISCOUNT 

DISCOUNTED 

FUEL 

$/MBTU(l) 

MBTU/YR(2) 

SAVINGS ( 3 ) 

FACTOR(4) 

SAVINGS ( 5 ) 

A. 

ELECT 

$  4.01 

-2478. 

$  -9947. 

11.37 

-113094. 

B. 

DIST 

$  .00 

0. 

$  0. 

17.06 

0. 

C. 

RESID 

$  .00 

0. 

$  0. 

16.85 

0. 

D. 

NAT  G 

$  2.92 

7346. 

$  21450. 

17.52 

375810. 

E. 

COAL 

$  .00 

0. 

$  0. 

13.34 

0. 

F. 

TOTAL 

4868. 

$  11504. 

$  262716. 

NON 

ENERGY 

SAVINGS (+)  / 

COST ( - ) 

A. 

ANNUAL 

RECURRING  (+/ 

-) 

$  -3774. 

(1)  DISCOUNT  FACTOR 

(TABLE  A) 

11.65 

(2)  DISCOUNTED  SAVING/COST  (3A  X 

3A1) 

$  -43967. 

C. 

TOTAL  NON  ENERGY  DISCOUNTED  SAVINGS (+)  /COST(-) 

(3A24-3Bd4) 

$  -43967. 

D.  PROJECT  NON  ENERGY  QUALIFICATION  TEST 

(1)  25%  MAX  NON  ENERGY  CALC  (2F5  X  .33)  $  86696. 

A  IF  3D1  IS  =  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  =  (2F5+3D1)/1F)=  _ 

C  IF  3D1B  IS  =  >  1  GO  TO  ITEM  4 

D  IF  3D1B  IS  <  1  PROJECT  DOES  NOT  QUALIFY 

4.  FIRST  YEAR  DOLLAR  SAVINGS  2F3+3A+ ( 3B1D/ (YEARS  ECONOMIC  LIFE))  $  7730. 

5.  TOTAL  NET  DISCOUNTED  SAVINGS  (2F5+3C)  $  218749. 

6.  DISCOUNTED  SAVINGS  RATIO  (SIR)=(5  /  1F)=  1.27 

(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 

7.  SIMPLE  PAYBACK  PERIOD  (ESTIMATED)  SPB=lF/4  22.28 


D-2812-61 
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CENTRAL  PLANT  3442 


ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 
FT.  SILL,  OKLAHOMA 


CENTRAL  PLANT;  3442 

ENERGY  CONSERVATION  OPPORTUNITY:  ECO-  1 

SYSTEM  MODIFICATION:  ADD  INSTRUMENTATION  TO  DETERMINE  LOAD 
SYSTEMS  TO  MODIFY:  CHILLER  1  AND  2  COMBINED 


CALCULATION  DESCRIPTION: 

Two  PC-CUBE  program  computer  runs  are  compared  to  determine  the  energy  savings  for 
ECO-1 ,  install  instrumentation  to  facilitate  efficient  operation  of  chiller  plant. 

The  first  computer  run  (Baseline)  is  a  simulation  of  the  existing  structure,  equipment,  and 
systems,  and  how  they  are  presently  operated.  The  second  computer  run  (ECO)  is  also  a 
simulation  of  the  existing  building  with  modifications  implemented  in  the  systems,  equipment, 
or  the  operation.  The  difference  in  the  totals  from  the  two  computer  runs  represents  the  savings. 


ANNUAL  UTILITY  SAVINGS 


PC  CUBE  RUN 

E 

lectric 

Nat.  Gas 
(MMBtu) 

Total  Energy 
(MMBtu) 

Demand(kW) 

Energv(kWh) 

Baseline 

— 

1,340,000 

0 

4,573 

ECO 

— 

1,131,000 

0 

3,860 

Savinas  fBaseline-ECO) 

0 

209.000 

0 

713 

NOTE:  The  savings  for  this  ECO  did  not  consider  any  interrelated  savings  with  other 

ECOs  identified  as  economically  feasible. 


ENERGY  COST  SAVINGS: 


Electricity: 

713  MMBtu/Yr 

X  $4.0141  /MMBtu  = 

$2,863  per  year 

Nat.  Gas; 

0  MMBtuA'r 

X  $2.92 /MMBtu  = 

$0  per  year 

Total  Energy  Cost  Savings: 

$2,863 

+  $0  = 

$2,863  per  year 

NON-ENERGY  SAVINGS  (+),  COST  (-): 

Demand: 

0  kW/month 

X  $1 .787  /kW  X 

12  months/year 

=  (+) 

$0 

per  year 

Maintenance:  =  (-) 

$228 

per  year 

Total: 

$0 

$228 

($228)  per  year 

[ECO-SHT.WK31 


D-3442-1 


PC-CUBE  VERSION  2.0.3 

Central  Plant  3442  Baseline 

SYSTEM  Cl  PLANT  3442  BASELINE 


FUEL  AND  POWER  CONSUMPTION  SYSTEM  Cl 

TOTAL  GAS  CONSUME.,  1000  CU  FT  0. 

PEAK  DAY  GAS  CONSUME.,  1000  CU  FT  0. 

ELECTRICAL  CONSUMPTION,  KWH  1340162. 

PEAK  KW  DEMAND  (15  MIN  BASIS)  590. 

PURCHASED  ELECTRIC  POWER 

ON-PEAK  CONSUMPTION  KWH  1340162. 

ON-PEAK  KW  DEMAND  (15  MIN  BASIS)  590. 

MID-PEAK  CONSUMPTION  KWH  0. 

MID- PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

OFF-PEAK  CONSUMPTION  KWH  0. 

OFF-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

GENERATED  ELECTRICAL  POWER  KWH  0. 

SOLD  ELECTRICAL  POWER  KWH  0. 

AUXILIARY  FUEL  CONSUMPTION  0. 

DIR.  PROC.  GAS  CONSUMP.,  1000  CF  0. 

CHILLER  OPERATING  HOURS 

CHILLER  1  3672 

CHILLER  2  3672 

RECOVERABLE  HEAT  USED,  MBTU  0. 

RECOVERABLE  HEAT  UNUSED,  MBTU  0. 


PAGE  NO.  19 

**  TOTAL  ** 


D-3442-2 


PC -CUBE  VERSION  2.0.3 

CENTRAL  PLANT  3442  CHILLER  ECO-1 

SYSTEM  Cl  PLANT  3442  BASELINE 


FUEL  AND  POWER  CONSUMPTION  SYSTEM  Cl 

TOTAL  GAS  CONSUME.,  1000  CU  FT  0. 

PEAK  DAY  GAS  CONSUMP.,  1000  CU  FT  0. 

ELECraiCAL  CONSUMPTION,  KWH  1130025. 

PEAK  KW  DEMAND  (15  MIN  BASIS)  614. 

PURCHASED  ELECTRIC  POWER 

ON-PEAK  CONSUMPTION  KWH  1130025. 

ON-PEAK  KW  DEMAND  (15  MIN  BASIS)  614. 

MID-PEAK  CONSUMPTION  KWH  0. 

MID-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

OFF-PEAK  CONSUMPTION  KVm  0. 

OFF-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

GENERATED  ELECTOICAL  POWER  KWH  0. 

SOLD  ELECTRICAL  POWER  KWH  0. 

AUXILIARY  FUEL  CONSUMPTION  0. 

DIR.  PROC.  GAS  CONSUME.,  1000  CF  0. 

CHILLER  OPERATING  HOURS 

CHILLER  1  3672 

CHILLER  2  736 

RECOVERABLE  HEAT  USED,  MBTU  0. 

RECOVERABLE  HEAT  UNUSED,  MBTU  0. 
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**  TOTAL  ** 


D-3442-3 


ECO-1,  INSTRUMENTATION  FOR  CHILLER  PLANT 
(TYPICAL) 


CWP-1 


I 

i  (NEW) 

^ - -i- - S  FROM  BLDGs. 

^CWR 


[□  FLOW  METER 

[t]  TEMPERATURE  SENSORS 


[C-ECO-l.DWG] 
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LIFE  CYCLE  COST  ANALYSIS  SUMMARY  STUDY:  C3442ECO 

ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP)  LCCID  1.035 

INSTALLATION  &  LOCATION:  FT.  SILL,  OKLAHOMA  REGION  NOS.  6  CENSUS:  3 

PROJECT  NO.  &  TITLE:  3002-000  ENERGY  SURVEY  OF  ARMY  BOILER/CHILLERS 
FISCAL  YEAR  1991  DISCRETE  PORTION  NAME:  CHILLER  INSTRUMENTATION 
ANALYSIS  DATE:  04-12-91  ECONOMIC  LIFE  15  YEARS  PREPARED  BY:  KC 

1 .  INVESTMENT 

A.  CONSTRUCTION  COST 

B.  SIOH 

C.  DESIGN  COST 

D.  ENERGY  CREDIT  CALC  ( lA+lB+lC ) X. 9 

E.  SALVAGE  VALUE  COST 

F.  TOTAL  INVESTMENT  (ID-IE) 

2.  ENERGY  SAVINGS  (+)  /  COST  (-) 

ANALYSIS  DATE  ANNUAL  SAVINGS,  UNIT  COST  &  DISCOUNTED  SAVINGS 


UNIT  COST 

SAVINGS 

ANNUAL  $ 

DISCOUNT 

DISCOUNTED 

FUEL 

$/MBTU(l) 

MBTU/YR(2) 

SAVINGS ( 3 ) 

FACTOR(4) 

SAVINGS ( 5 ) 

A. 

ELECT 

$  4.01 

713. 

$ 

2862. 

8.78 

25128. 

B. 

DIST 

$  .00 

0. 

$ 

0. 

12.34 

0. 

C. 

RESID 

$  .00 

0. 

$ 

0. 

12.05 

0. 

D. 

NAT  G 

$  2.92 

0. 

$ 

0. 

12.48 

0. 

E. 

COAL 

$  .00 

0. 

$ 

0. 

10.01 

0. 

F, 

TOTAL 

713. 

$ 

2862. 

$  25128. 

NON 

ENERGY 

SAVINGS (+)  / 

COST(-) 

A, 

ANNUAL 

RECURRING  (+/ 

-) 

$  -228. 

(1)  DISCOUNT  FACTOR 

(TABLE  A) 

9.11 

(2)  DISCOUNTED  SAVING/COST  (3A  X 

3A1) 

$  -2077. 

C. 

TOTAL  NON  ENERGY  DISCOUNTED  SAVINGS (+) 

/COST(-) 

(3A2+3Bd4) 

$  -2077. 

D.  PROJECT  NON  ENERGY  QUALIFICATION  TEST 

(1)  25%  MAX  NON  ENERGY  CALC  (2F5  X  .33)  $ 

A  IF  3D1  IS  =  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  =  (2F5+3D1)/1F) 

C  IF  3D1B  IS  =  >  1  GO  TO  ITEM  4 

D  IF  3D1B  IS  <  1  PROJECT  DOES  NOT  QUALIFY 

4.  FIRST  YEAR  DOLLAR  SAVINGS  2F3+3A+(3BlD/( YEARS  ECONOMIC  LIFE))  $  2634. 

5.  TOTAL  NET  DISCOUNTED  SAVINGS  (2F5+3C)  $  23051. 

6.  DISCOUNTED  SAVINGS  RATIO  (SIR)=(5  /  1F)=  6.04 

(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 

7.  SIMPLE  PAYBACK  PERIOD  (ESTIMATED)  SPB=lF/4  1.45 


8292. 


$  3803. 

$  210. 

$  229. 

$  3818. 

-$  0. 

$  3818. 
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ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 
FT.  SILL,  OKLAHOMA 

CENTRAL  PLANT;  3442 

ENERGY  CONSERVATION  OPPORTUNITY:  ECO-  2 

SYSTEM  MODIFICATION:  CHILLER  OPTIMIZATION,  ADD  INSTRUMENTATION 
SYSTEMS  TO  MODIFY:  CHILLER  1  AND  2 


CALCULATION  DESCRIPTION: 

Two  PC-CUBE  program  computer  runs  are  compared  to  determine  the  energy  savings  for 
ECO-2,  install  instrumentation  connected  to  EMCS  for  chiller  optimization. 

The  first  computer  run  (Baseline)  is  a  simulation  of  the  existing  structure,  equipment,  and 
systems,  and  how  they  are  presently  operated.  The  second  computer  run  (ECO)  is  also  a 
simulation  of  the  existing  building  with  modifications  implemented  in  the  systems,  equipment, 
or  the  operation.  The  difference  in  the  totals  from  the  two  computer  runs  represents  the  savings. 


ANNUAL  UTILITY  SAVINGS 


PC  CUBE  RUN 

Electric 

Nat.  Gas 
(MMBtu) 

Total  Energy 
(MMBtu) 

Demand(kW) 

EnergyfkWh) 

Baseline 

_ 

1 ,340,000 

0 

4,573 

ECO 

— 

1 ,059,000 

0 

3,614 

Savinas  (Baseline-ECO) 

0 

281.000  ^ 

0 

959 

NOTE:  The  savings  for  this  ECO  did  not  consider  any  interrelated  savings  with  other 

ECOs  identified  as  economically  feasible. 


ENERGY  COST  SAVINGS: 

Electricity: 

959  MMBtu/Yr  X 

$4.0141  /MMBtu  = 

$3,850  per  year 

Nat.  Gas: 

0  MMBtu/Yr  X 

$2.92 /MMBtu  = 

$0  per  year 

Total  Energy  Cost  Savings: 

$3,850  + 

$0 

$3,850  per  year 

NON-ENERGY  SAVINGS  (+),  COST  (-); 

Demand; 

0  kW/month  X 

$1 .787  /kW  X 

12  months/year 

Maintenance: 

Total; 


(+)  $0  per  year 

(-)  $936  per  year 


$0  -  $936  =  ($936)  per  year 


IECO-SHT.WK31 


D-3442-7 
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Central  Plant  3442  Baseline 


PC-CUBE  VERSION  2.0.3 


SYSTEM  Cl  PLANT  3442  BASELINE 

fuel  and  power  consumption 


SYSTEM  Cl 


TOTAL  GAS  CONSUMP. ,  1000  CU  FT 
PEAK  DAY  GAS  CONSUMP.,  1000  CU  FT 


ELECTRICAL  CONSUMPTION,  KWH 
PEAK  KW  DEMAND  (15  MIN  BASIS) 
PURCHASED  ELECTRIC  POWER 
ON-PEAK  CONSUMPTION  KWH 
ON-PEAK  KW  DEMAND  (15  MIN  BASIS) 
MID-PEAK  CONSUMPTION  KWH 
MID-PEAK  KW  DEMAND  ( 15  MIN  BASIS ) 
OFF-PEAK  CONSUMPTION  KWH 
OFF-PEAK  KW  DEMAND  (15  MIN  BASIS) 
GENERATED  ELECTRICAL  POWER  KWH 
SOLD  ELECTRICAL  POWER  KWH 


1340162. 

590. 

1340162. 

590. 

0. 

0. 

0. 

0. 

0. 

0. 


AUXILIARY  FUEL  CONSUMPTION 


DIR.  PROC.  GAS  CONSUMP.,  1000  CF 
CHILLER  OPERATING  HOURS 
CHILLER  1 
CHILLER  2 


0. 


3672 

3672 


recoverable  HEAT  USED,  MBTU 
RECOVERABLE  HEAT  UNUSED,  MBTU 


**  TOTAL  ** 


D-3442-8 


PAGE  NO. 


PC-CUBE  VERSION  2.0,3 


CENTRAL  PLANT  3442  CHILLER  ECO-2 

SYSTEM  Cl  PLANT  3442  BASELINE 


fuel  and  power  consumption 

SYSTEM  Cl 

total  gas  CONSUMP.,  1000  CU  FT 

0. 

0. 

PEAK  DAY  GAS  CONSUME.,  1000  CU  FT 

electrical  CONSUMPTION,  KWH 

1058963. 

595. 

PEAK  KW  DEMAND  (15  MIN  BASIS) 

PURCHASED  ELECTRIC  POWER 

1058963. 

ON -PEAK  CONSUMPTION  KWH 

595 . 

ON-PEAK  KW  DEMAND  (15  MIN  BASIS) 

0. 

mid-peak  CONSUMPTION  KWH 

0. 

mid-peak  KW  DEMAND  (15  MIN  BASIS) 

0. 

OFF-PEAK  CONSUMPTION  KWH 

0, 

OFF-PEAK  KW  DEMAND  (15  MIN  BASIS) 

0. 

generated  ELECTRICAL  POWER  KWH 

0. 

SOLD  ELECTRICAL  POWER  KWH 

AUXILIARY  FUEL  CONSUMPTION 

0. 

dir.  PROC,  GAS  CONSUMP.,  1000  CF 

0. 

CHILLER  OPERATING  HOURS 

3672 

CHILLER  1 

664 

CHILLER  2 

BECOVERABLE  heat  USED,  MBTU 

0. 

0- 

RECOVERABLE  HEAT  UNUSED,  MBTU 

**  TOTAL  ** 


D-3442-9 


OIL  PRESSURE.  HEAD  PRESSURE, 
AND  SUCTION  PRESSURE^ 


D-3442-10 


Points  included  on  proposed  EMCS  design,  existing. 
All  other  points  are  new. 
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DATE  PREPARED 

04-Apr-91 

SHT  OF 

CHECKED  BY  CEL 

O 

Total 

Wt 

z 

CL 

9: 

X 

CO 

Unit 

Wt 

EFFECTIVE  PRICING 

DATE  APR.  91 

DRAWING  NO. 

KC 

TOTAL 

$3,328 

CO 

o 

$3,328 

$2,883 

CM 

CO 

O) 

$982 

o 

CD 

CM* 

ID 

CO 

q 

$840 

$2,448 

$491 

$1,200 

$792 

$3,889 

$270 

$270 

5 

o>* 

CM 

CO 

O* 

$1,650 

$1,031 

$12,993 

$2,599 

$15,592 

$858 

$16,449 

ESTIMATOR 

MATERIAL 

Cost 

CM 

$656 

$1,312 

$2,292 

$452 

$452 

$820 

$904 

$212 

CO 

$226 

$748 

$540 

CO 

CO* 

S 

o 

CD 

CD* 

$7,917 

$1,267 

$792 

$9,975 

$1 .995 

$11,971 

999$ 

$12,629 

INVITATION  NO./CONTRACT  NO. 

DACA  59 -90 -C -0087 

Unit 

Price 

CO 

CM 

CO 

$328 

$328 

$764 

CO 

CM 

CM 

$226 

$205 

$226 

$53 

$558 

$226 

CO 

$270 

$3,681 

CODE  C 

EQUIPMENT  1 

Cost 

X  CODES 

OTHER 

Unit 

Price 

< 

LU 

Q 

O 

O 

LABOR 

Cost 

$704 

$352 

$704 

$591 

GO 

$78 

$620 

$157 

$416 

CO 

CM 

o 

CO 

CM 

m 

$252 

CD 

O 

CM 

o 

CM 

$270 

($3,012) 

$2,395 

CO 

CD 

CO 

$240 

CD 

O 

CO* 

$604 

CO 

CO* 

$199 

$3,820 

Unit 

Price 

<0 

$176 

$176 

$197 

$39 

$39 

$155 

$39 

$104 

O 

CM 

■CO 

$20 

CO 

CM 

CM 

$126 

$208 

$45 

$45 

n 

COST  ESTIMATE  ANALYSIS 

PROJECT  ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER 

LOCATION  FT.  SILL.  OKLAHOMA 

Total 

Hrs 

q 

2.0 

0  9 

o 

cd 

MH/ 

Unit 

5.5 

o 

cvi 

09 

6.0 

Quantity 

Unit 

Meas 

LS 

LS 

LS 

LS 

LS 

LS 

LS 

LS 

LS 

EA 

EA 

LS 

LS 

EA 

EA 

No.  Of 

Units 

CM 

CO 

CM 

CM 

CM 

CM 

CM 

16% 

10% 

o 

CM 

5.5% 

CHILLER  ECO-2  BLDG.  3442 

OPTIMIZE  CHILLER  SEQUENCE 

TASK  DESCRIPTION 

INSTRUMENTATION  FOR  2  CHILLERS 

CHWS/R  TEMPERATURE  SENSOR  * 

CHWS/R  TEMPERATURE  SENSOR 

CNWS/R  TEMPERATURE  SENSOR  * 

INSERT.  FLOW  METER 

CHWP  ST/SP  * 

CNWP  ST/SP  * 

* 

3 

1- 

CO 

CL 

2 

3 

0. 

S 

3 

O 

0. 

o 

COOLING  TOWER  ST/SP  * 

COOLING  TOWER  ST/SP  STATUS  * 

CHW  TEMP  CONTROL  * 

CHILLER  ST/SP  * 

kW  TRANSDUCER 

CURRENT  TRANSDUCER 

FID  PANEL  &  ACCESSORIES 

FID  SOFTWARE  COMMISSIONING 

FID  TESTING 

CREDIT  FROM  EMCS  PROJECT  * 

SUBTOTAL 

OVERHEAD.  BOND 

PROFIT 

COST  SUB-TOTAL 

CONTINGENCY 

SUBTOTAL 

1  S&A 

TOTAL  THIS  SHEET 
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LIFE  CYCLE  COST  ANALYSIS  SUMMARY  STUDY:  C3442ECO 

ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP)  LCCID  1.035 

INSTALLATION  &  LOCATION:  FT.  SILL,  OKLAHOMA  REGION  NOS.  6  CENSUS:  3 

PROJECT  NO.  &  TITLE:  3002-000  ENERGY  SURVEY  OF  ARMY  BOILER/CHILLERS 
FISCAL  YEAR  1991  DISCRETE  PORTION  NAME:  CHILLER  OPTIMIZATION 
ANALYSIS  DATE:  04-12-91  ECONOMIC  LIFE  15  YEARS  PREPARED  BY:  KC 


1 .  INVESTMENT 

A.  CONSTRUCTION  COST 

B.  SIOH 

C.  DESIGN  COST 

D.  ENERGY  CREDIT  CALC  ( lA+lB+lC ) X . 9 

E.  SALVAGE  VALUE  COST 

F.  TOTAL  INVESTMENT  (ID-lE) 


$ 

$ 

$ 

$ 

“$ 

$ 


2.  ENERGY  SAVINGS  (+)  /  COST  {-) 

ANALYSIS  DATE  ANNUAL  SAVINGS,  UNIT  COST  &  DISCOUNTED  SAVINGS 


15592. 

858. 

936. 

15647. 

0. 

15647. 


FUEL 

A.  ELECT 

B.  DIST 

C.  RES ID 

D .  NAT  G 

E.  COAL 

F.  TOTAL 


UNIT  COST 
$/MBTU(l) 

$  4.01 
$  .00 
$  .00 
$  2.92 
$  .00 


SAVINGS 

MBTU/YR(2) 

959. 

0. 

0. 

0. 

0. 

959. 


ANNUAL  $ 
SAVINGS ( 3 ) 

$  3849. 

$  0. 

$  0. 

$  0. 

$  0. 

$  3849. 


DISCOUNT 

FACTOR(4) 

8.78 

12.34 

12.05 

12.48 

10.01 


DISCOUNTED 
SAVINGS ( 5 ) 

33798. 

0. 

0. 

0. 

0. 

$  33798. 


3.  NON  ENERGY  SAVINGS (+)  /  COST(-) 

A.  ANNUAL  RECURRING  (+/“) 

(1)  DISCOUNT  FACTOR  (TABLE  A) 

(2)  DISCOUNTED  SAVING/COST  ( 3A  X  3A1 ) 


$ 


9.11 


$ 


C.  TOTAL  NON  ENERGY  DISCOUNTED  SAVINGS (+)  /COST(-)  (3A2+3Bd4)  $ 


-936. 

-8527. 

-8527. 


D.  PROJECT  NON  ENERGY  QUALIFICATION  TEST 

(1)  25%  MAX  NON  ENERGY  CALC  (2F5  X  .33)  $  11153. 

A  IF  3D1  IS  =  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  =  ( 2F5+3D1 ) /IF) =  _ 

C  IF  3D1B  IS  =  >  1  GO  TO  ITEM  4 

D  IF  3D1B  IS  <  1  PROJECT  DOES  NOT  QUALIFY 

4.  FIRST  YEAR  DOLLAR  SAVINGS  2F3+3A+ ( 3B1D/ (YEARS  ECONOMIC  LIFE))  $  2913. 

5.  TOTAL  NET  DISCOUNTED  SAVINGS  (2F5+3C)  $  25271. 

6.  DISCOUNTED  SAVINGS  RATIO  (SIR)=(5  /  1F)=  1.62 

(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 

7.  SIMPLE  PAYBACK  PERIOD  (ESTIMATED)  SPB=lF/4  5.37 
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ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 
FT.  SILL,  OKLAHOMA 

CENTRAL  PLANT:  3442 

ENERGY  CONSERVATION  OPPORTUNITY:  ECO-  4 

SYSTEM  MODIFICATION:  INSTALL  ICE  STORAGE  COOLING  SYSTEM 
SYSTEMS  TO  MODIFY: 


CALCULATION  DESCRIPTION: 

Hand  calculation  sheet  was  prepared  to  determine  the  energy  savings  for 
ECO-4,  install  ice  storage  system  for  HVAC  cooling. 

It  was  estimated  that  the  peak  electrical  demand  can  be  saved  by  installing  ice  storage 
cooling  system. 


ANNUAL  UTILITY  SAVINGS 


Electric 

Nat.  Gas 

Total  Energy 

PC  CUBE  RUN 

Demand(kW) 

Energy(kWh) 

(MMBtu) 

(MMBtu) 

Baseline 

— 

— 

— 

0 

ECO 

— 

— 

— 

0 

Savings  (Baseline -ECO) 

780 

0 

0 

0 

NOTE:  The  savings  for  this  ECO  did  not  consider  any  interrelated  savings  with  other 

ECOs  identified  as  economically  feasible. 


ENERGY  COST  SAVINGS: 


Electricity:  0  MMBtu/Yr  X 

Nat.  Gas:  0  MMBtu/Yr  X 

Total  Energy  Cost  Savings:  $0  + 

NON-ENERGY  SAVINGS  (+),  COST  (-): 

Demand:  780  kW/month  X 


$4.0141  /MMBtu  = 
$2.92/MMBtu  = 
$0 


$1.787/kW  X 


Maintenance; 


{+) 

$16,726  per  year 

{-) 

$0  per  year 

Total: 


$16,726 


$0 


$0  per  year 
$0  per  year 
$0  per  year 

12  months/year 


$16,726  per  year 


[ECO-SHT.WK31 
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A  new  application  of  an  old  idea  that  can 
cut  air  conditioning  energy  costs  in  half. 


Air  conditioning  during  summer  daytime  hours 
is  the  largest  single  contributor  to  utility 
“peak  demand"  charges.  After  noon,  as  more  air 
conditioners  are  needed  to  maintain  comfortable 
temperatures,  the  increased  demand  for  electricity 
adds  to  that  already  created  by  lighting,  operating 
equipment,  computers  and  thousands  of  other 
uses.  This  requires  the  utility  to  bring  additional, 
more  costly  generating  sources  on  line  to  handle 
its  increased  demand.  Commercial  users  whose 
large  air  conditioning  loads  contribute  to  these 
added  generating  requirements  are  assessed  an 
additional  charge  based  on  their  highest  on-peak 
demand  for  electricity. 

An  Ice  Bank  Stored  Cooling  System  is  either  a 
load-shifting  or  load-leveling  method  which  will 
significantly  lower  demand  charges  during  the 
air  conditioning  season  and,  consequently, 
energy  costs.  It  uses  a  standard  packaged  chiller 
to  produce  solid  ice  at  night  during  off-peak 
periods  when  the  building’s  electrical  needs  are 
at  a  minimum.  The  ice  is  built  and  stored  in 
modular  ice  tanks  to  provide  cooling  to  help  meet 
the  building’s  air  conditioning  load  requirement 
the  following  day. 


Making  ice  at  night  and  using  its  stored  energy 
during  the  day  is  not  a  new  or  experimental  idea. 
This  concept  had  been  employed  for  years  in 
cooling  short-peak  applications  such  as  churches 
and  theatres.  However,  longer  peak  uses  were 
served  by  air-source  rooftop  and  chiller-type 
air  conditioners  which  were  less  costly  to  install. 
Now  there  is  renewed  interest  in  a  broad  use  of 
ice-making  systems  by  both  users  and  utilities 
as  the  best  way  to  offset  rising  operating  costs. 

In  fact.  Stored  Cooling  Systems  are  what  summer- 
peaking  utilities  must  have  to  avoid  the  unbearable 
costs  of  new  generating  plants. 


Ice  Banks  not  only  can  cut  operating  costs  in  half 
but  they  can  also  substantially  reduce  capital 
outlays  when  systems  are  suitably  designed  for 
new  commercial  and  industrial  buildings. 
Engineers  can  specify  half-size  chillers  operating 
24  hours  a  day  rather  than  full-size  chillers 
operating  only  10  or  12  hours  per  day.  In  retrofit 
applications,  an  Ice  Bank  Stored  Cooling  System 
can  often  provide  cooling  for  an  addition  to  a 
building  without  adding  chiller  capacity. 


Atlantic  Southern  Properties  Mays  Landing  NJ 
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How  the  Lb V  LOAD  System  Works 


The  LEVLO^D  Ice  Bank  is  a  modular,  insulated  polyethylene 
tank  containing  a  spiral-wound  plastic  tube  heat  exchanger 
surrounded  with  water.  They  are  available  in  four  sizes -90, 
100, 190  and  570  ton-hours.  At  night  a  75  percent  water- 
25  percent  glycol  solution  from  a  standard  packaged  air 
conditioning  chiller  circulates  through  the  heat  exchanger 
and  extracts  heat  until  eventually  all  the  water  in  the  tank 
is  frozen  solid.  The  ice  is  built  uniformly  throughout  the  tank 
by  the  patented  temperature-averaging  effect  of  closely 
spaced  counterflow  heat  exchanger  tubes.  Figure  5.  Water 
does  not  become  surrounded  by  ice  during  the  freezing 
process  and  can  move  freely  as  ice  forms,  preventing 
stress  or  damage  to  the  tank. 


Typical  flow  diagrams  for  a  Partial  Storage  System  are 
shown  in  Figures  6  and  7. 

At  night,  the  water-glycol  solution  circulates  through  the 
chiller  and  the  Ice  Bank  heat  exchanger,  bypassing  the 
air  handler  coil.  The  fluid  is  at  26F  and  freezes  the  water 
surrounding  the  heat  exchanger. 

During  the  day,  the  solution  is  cooled  by  the  Ice  Bank  from 
52F  to  34F  A  temperature  modulating  valve  set  at  44F  in  a 
bypass  loop  around  the  lee  Bank  permits  a  sufficient  quantity 
of  52F  fluid  to  bypass  the  Ice  Bank,  mix  with  the  34F  fluid, 
and  achieve  the  desired  44F  temperature.  The  44F  fluid 
enters  the  coil,  where  it  cools  air  from  75F  to  55F  The  fluid 
leaves  the  coil  at  60F  enters  the  chiller  and  is  cooled  to  52F 

It  should  be  noted  that,  while  making  ice  at  night  the 
chiller  must  cool  the  water-glycol  solution  to  26F  rather 
than  produce  44  or  45F  water  temperatures  required  for 
conventional  air  conditioning  systems.  This  has  the  effect 
of  “derating”  the  nominal  chiller  capacity  by  approximately 
30  percent.  Compressor  efficiency,  however,  is  only  slightly 
reduced  because  lower  nighttime  temperatures  result  in 
cooler  condenser  water  from  the  cooling  tower  and  help 
keep  the  unit  operating  efficiently.  Similarly,  air  cooled 
chillers  benefit  from  cooler  condenser  entering  air 
temperatures  at  night 

The  temperature  modulating  valve  in  the  bypass  loop  has 
the  added  advantage  of  providing  unlimited  capacity 
control.  During  many  mild  temperature  days  in  the  spring 
and  fall,  the  chiller  will  be  capable  of  providing  all  the 
necessary  cooling  for  the  building  without  assistance  from 
stored  cooling.  When  the  building's  actual  cooling  load  is 
equal  to  or  lower  than  the  chiller  capacity,  all  of  the  system 
coolant  flows  through  the  bypass  loop,  as  in  Figure  8. 

4 


26F 


Chiller 


Charge  Cycle  Figure  6 
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Temperature 
Modulating  Valve 
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Discharge  Cycle  Figure  7 
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C  3  Temperature 
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i^55F 
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I  Automatic  Diverting  Valve 


55-60F 
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Modulating  Valve 


75F- 


Coil 


55-60F 


i^55F 


44F 


Automatic  Dlverfing  Valve 


The  glycol  recommended  for  the  solution  is  an  ethylene 
glycot-based  industrial  coolant,  such  as  Dow  Chemical 
Company’s  Dowtherm®  SR-1  or  Union  Carbide  Corporation’s 
UCARTHERMf  which  are  specially  formulated  for  low 
viscosity  and  superior  heat  transfer  properties.  These  contain 
a  multi-component  corrosion  inhibitor  system  which  is 
effective  with  most  materials  of  construction,  Including 
aluminum,  copper,  solder  and  plastics.  Unlike  automotive- 
type  anti-freeze,  they  produce  no  films  and  contain  no 
anti-leak  agents  to  interfere  with  heat  transfer  efficiency 
and  permit  use  of  standard  system  pumps,  seals  and  air 
handler  coils.  However,  because  of  the  slight  difference  in 
heat  transfer  coefficient  between  water-glycol  and  plain 
water,  coil  capacity  should  be  Increased  by  approximately 
5  percent  It  is  also  important  that  the  water  and  glycol  be 
thoroughly  mixed  before  the  solution  enters  the  system. 
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LIFE  CYCLE  COST  ANALYSIS  SUMMARY  STUDY:  3442EC4 

ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP)  LCCID  1.035 

INSTALLATION  &  LOCATION;  FT.  SILL,  OKLAHOMA  REGION  NOS.  6  CENSUS;  3 

PROJECT  NO.  &  TITLE;  3002-000  ENERGY  SURVEY  OF  ARMY  BOILER/CHILLERS 
FISCAL  YEAR  1991  DISCRETE  PORTION  NAME;  ICE  STORAGE  COOLING  SYSTEM 
ANALYSIS  DATE;  04-18-91  ECONOMIC  LIFE  25  YEARS  PREPARED  BY;  KC 

1 .  INVESTMENT 

A.  CONSTRUCTION  COST 

B.  SIOH 

C.  DESIGN  COST 

D.  ENERGY  CREDIT  CALC  ( lA+lB+lC) X. 9 

E.  SALVAGE  VALUE  COST 

F.  TOTAL  INVESTMENT  (ID-IE) 

2.  ENERGY  SAVINGS  (+)  /  COST  (-) 

ANALYSIS  DATE  ANNUAL  SAVINGS,  UNIT  COST  &  DISCOUNTED  SAVINGS 


UNIT  COST 

SAVINGS 

ANNUAL 

$ 

DISCOUNT 

DISCOUNTED 

FUEL 

$/MBTU(l) 

MBTU/YR(2) 

SAVINGS (3) 

FACTOR(4) 

SAVINGS(5) 

A. 

ELECT 

$  4.01 

0. 

$ 

0. 

11.37 

0. 

B. 

DIST 

$  .00 

0. 

$ 

0. 

17.06 

0. 

C, 

RESID 

$  .00 

0. 

$ 

0. 

16.85 

0. 

D. 

NAT  G 

$  2.92 

0. 

$ 

0. 

17.52 

0. 

E, 

COAL 

$  .00 

0. 

$ 

0. 

13.34 

0. 

F, 

TOTAL 

0. 

$ 

0, 

$ 

0. 

3.  NON 

ENERGY 

SAVINGS (+)  / 

COST{-) 

A. 

ANNUAL 

RECURRING  (+/ 

$ 

16726. 

(1)  DISCOUNT  FACTOR 

(TABLE  A) 

11.65 

(2)  DISCOUNTED  SAVING/COST  (3A  X 

3A1) 

$ 

194858. 

C.  TOTAL  NON  ENERGY  DISCOUNTED  SAVINGS(+)  /COST(-)  (3A2+3Bd4)  $  194858. 


D.  PROJECT  NON  ENERGY  QUALIFICATION  TEST 

(1)  25%  MAX  NON  ENERGY  CALC  (2F5  X  .33)  $ 

A  IF  3D1  IS  =  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  =  (2F5+3D1)/1F) 

C  IF  3D1B  IS  =  >  1  GO  TO  ITEM  4 

D  IF  3D1B  IS  <  1  PROJECT  DOES  NOT  QUALIFY 

4.  FIRST  YEAR  DOLLAR  SAVINGS  2F3+3A+(3B1D/ (YEARS  ECONOMIC  LIFE))  $  16726. 

5.  TOTAL  NET  DISCOUNTED  SAVINGS  (2F5+3C)  $  194858. 

6.  DISCOUNTED  SAVINGS  RATIO  (SIR)=(5  /  1F)=  .67 

(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 

****  Project  does  not  qualify  for  ECIP  funding;  4,5,6  for  information  only. 

7.  SIMPLE  PAYBACK  PERIOD  (ESTIMATED)  SPB=lF/4  17.28 


$  288000. 

$  15840. 

$  17280. 

$  289008. 

-$  0. 

$  289008. 
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ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 
FT.  SILL,  OKLAHOMA 

CENTRAL  PLANT:  3442 

ENERGY  CONSERVATION  OPPORTUNITY:  ECO-  5(B) 

SYSTEM  MODIFICATION:  VARIABLE  SPEED  DRIVE  FOR  COOLING  TOWER 
SYSTEMS  TO  MODIFY:  COOLING  TOWER 


CALCULATION  DESCRIPTION: 

Two  spread  sheets  are  compared  to  determine  the  energy  savings  for 
ECO-5,  install  two-speed  (5A)  or  variable  speed  (5B)  motors  for  cooling  tower. 

The  spread  sheets  is  a  simulation  of  the  existing  structure,  equipment,  and 

systems,  and  how  they  are  presently  operated.  The  spread  sheets  is  also  a 

simulation  of  the  existing  building  with  modifications  implemented  in  the  systems,  equipment, 

or  the  operation.  The  difference  in  the  totals  from  the  spread  sheets  represents  the  savings. 


ANNUAL  UTILITY  SAVINGS 


PC  CUBE  RUN 

Electric 

Nat.  Gas 
(MMBtu) 

Total  Energy 
(MMBtu) 

Demand(kW) 

EneravfkWh^ 

Baseline 

— 

46,756 

— 

160 

ECO 

— 

10,872 

— 

37 

Savings  (Baseline-ECO) 

0 

35.884 

0 

122 

NOTE:  The  savings  for  this  ECO  did  not  consider  any  interreiated  savings  with  other 

ECOs  identified  as  economically  feasible. 


ENERGY  COST  SAVINGS: 

Electricity: 

122  MMBtuA'r  X 

$4.0141  /MMBtu  = 

$492  per  year 

Nat.  Gas: 

0  MMStum  X 

$2.92 /MMBtu  = 

$0  per  year 

Total  Energy  Cost  Savings: 

$492  + 

$0 

$492  per  year 

NON-ENERGY  SAVINGS  (+),  COST  (-): 

Demand: 

0  kW/month  X 

$1 .787  /kW  X 

12  months/year 

=  (+) 

$0  per  year 

Maintenance:  =  (-) 

$597  per  year 

Total: 

$0 

$597 

($597)  per  year 

[ECO-SHT.WK3] 
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Two-Speed  cooling  tower  and  variable  speed  cooling  tower  calculation  description; 


1.  The  design  conditions  were  taken  from  the  original  design  documents,  including  wet 
bulb  temperatures,  condenser  water  flow,  and  condenser  supply  and  return 
temperatures. 

2.  Based  on  an  assumed  liquid  to  gas  ratio,  the  delta  enthalpy  was  calculated  for  entering 
air  versus  leaving  air  conditions.  The  final  total  enthalpy  of  the  leaving  air  was 
calculated  based  on  the  design  entering  air  enthalpy  plus  the  delta  enthalpy. 

3.  The  fan  motor  kW  is  based  on  field  measurements. 

4.  The  "WET  BULB  AVERAGES"  are  the  wet  bulb  temperatures  calculated  for  4  hour  bins, 
for  each  cooling  month,  from  ASHRAE  weather  data  for  Oklahoma  City,  Oklahoma 
(part  1). 

5.  The  "ENTHALPY  FOR  AVERAGE  WET  BULBS"  are  the  enthalpy  for  each  of  the  wet- 
bulb  (part  1.),  determined  from  look-up  tables  (part  2). 

6.  The  "COOLING  PROFILE  OF  CENTRAL  PLANTS,"  is  the  average  %  load  estimated  for 
the  chiller  plant,  for  the  time  bins  (part  3).  Note  there  is  0%  load  for  those  hours  when 
the  chiller  is  assumed  to  be  off. 

The  "PEAK  LOAD"  per  month  is  the  estimated  peak  hourly  load  (part  3,  last  column). 

7.  The  "RATIO  OF  AVERAGE  MONTHLY  ENTHALPY  TO  DESIGN  ENTHALPY’  for  time 
bins  (part  4)  = 

(Total  exit  air  design  enthalpy  minus  average  monthly  enthalpy,  part  2)  /  (entering  air 
design  enthalpy) 

The  "DAYS  PER  MONTH  OPER."  is  the  total  days  per  month  the  cooling  tower 
operates  (part  4,  last  columm). 

8.  The  "%  DESIGN  LOAD"  on  tower  for  time  bins  (part  5)  = 

(%  load  on  plant,  part  3  *  monthly  peak  load,  part  3)  /  (  Highest  monthly  peak  load, 
part  3)  "^  ( 1  /  ratio  of  monthly  enthalpy,  part  4) 

9.  For  a  single  speed  cooling  tower  fan  the  energy  usage  (kWh)  is  based  on  the  idea  that 
the  tower  fan  cycle  in  direct  proportion  to  the  %  design  load  on  the  tower,  (part  6)  = 

kWh  per  bin  =  (total  fan  power  kW)  *  (%  design  load,  part  5  4  hours  per  bin  *  days 
per  month) 

Total  kWh  =  sum  of  all  kWh  bins 
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10.  For  a  two-speed  cooling  tower  fan  the  energy  usage  (kWh)  is  based  on  the  premise  that 
when  a  tower  cell  is  at  less  than  50%  of  its  design  load,  it  operates  at  half  speed.  A  fan 
running  at  half  speed  uses  14%  of  the  maximum  power  input.  The  calculations  take 
into  account  multi-cell  towers  (part  7).  The  control  sequence  is: 

•  0-25%  load,  fan  1,  half  speed  cycling. 

•  25-50%  load,  fan  1  half  speed  running,  fan  2  half  speed  cycling: 

•  50-75%  load,  fan  1  full  speed  cycling,  fan  2  half  speed  running. 

•  75-100%  load,  fan  1  full  speed  running,  fan  2  full  speed  cycling. 

kWh  per  bin,  for  %  design  loads  less  than  25%  load  =  (fan  1  power  kW)  *  14%  * 
(%  design  load  /  25)  *  4  hours  per  bin  *  days  per  month. 

kWh  per  bin,  for  %  design  loads  25%  to  50%  load  =  (fan  1  power  kW  *  14%  *  4  hours 
per  bin  *  days  per  month  )  *  ( fan  2  power  kW  *  14%  *  ((%  design  load  -  25  )/  25)*  4 
hours  per  bin  *  days  per  month  ) 

kWh  per  bin,  for  %  design  loads  50%  to  75%  load  =  (fan  2  power  kW  *  14%  *  4  hours 
per  bin  *  days  per  month  )  *  (  fan  1  power  kW  *  ((%  design  load  -  50  )/  25)  *  4  hours 
per  bin  *  days  per  month  ) 

kWh  per  bin,  for  %  design  loads  75%  to  100%  load  =  ( fan  1  power  kW  *  4  hours  per 
bin  *  days  per  month  )  +  (  fan  2  power  kW  *  ((%  design  load  -  75  )/  25)  *  4  hours  per 
bin  *  days  per  month  ) 

kWh  total  =  sum  of  all  kWh  bins 


11.  For  a  variable  speed  cooling  tower  fan  the  energy  usage  (kWh)  is  based  on  the  premise 
that  the  tower  fan  percent  air  volume  is  directly  proportional  to  the  percent  load  on  the 
cooling  tower;  and  the  fan  energy  is  proportational  to  the  cube  of  the  air  volume.  The 
calculations  take  into  account  multi-cell  towers  (part  8): 

kWh  per  bin,  for  0  to  100%  load  =  ( total  fan  power  kW)  *  ((%  design  load)^  /  80% 
efficiency  )  *  4  hours  per  bin  *  days  per  month. 

kWh  total  =  sum  of  all  kWh  bins 
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CENTRAL  PUtffr 

3442 

DESIGN  CONDITIONS  ! 

-  WBT  (DB,  DEG  F) 

77 

-  WATER  FLOW  (gpm) 

3600 

-  CNWR  (DEG  F) 

95 

-  CNWS  (DEG  F) 

85 

ASSUMPTION  LIQUID  TO  GAS  RATIO 

2 

-  AIR  FLOW  (LBS/MIN) 

14940 

HEAT  REJECTION  CAPACITY  (Btu/min) 

298800 

DELTA  ENTHALPY  (Btu/lb) 

20 

DESIGN  ENTHALPY  (Btu/lb) 

40.57 

TOTAL  ENTHALPY  _ i 

60.57 

EXIT  AIR  WB  (LOOK  UP) 

93.2 

SPECIFIC  VOLUME  OF  EXIT  AIR  (LOOK  UP) 

15.1 

1 00%  DESIGN  CFM  @  WB 

225594 

MOTOR  DATA 

-  FAN  1  POWER  (kW) 

10 

-  FAN  2  POWER  (kW) 

10 

-  FAN  3  POWER  (kW) 

10 

-  FAN  4  POWER  (kW) _ 

10 

ASHRAE  WEATHER  DATA  -  OKLAHOMA  CITY,  OKLAHOMA 


WET-BULB  AVERAGES  ( 

'4  hour  bins) 

DESIGN 

WB 

1-4 

5-8 

9-12 

13-16 

17-20 

21-24 

APRIL 

48.6 

47.8 

52.2 

55.6 

54.6 

51.4 

77 

MAY 

57.1 

56.6 

61.2 

63.9 

63 

59.4 

77 

JUNE 

66.8 

66.6 

69.9 

71 

70.5 

68.2 

77 

JULY 

70.8 

70.9 

74.5 

76 

74.9 

72.6 

77 

AUGUST 

66.9 

67 

71 

72 

71 

68.5 

77 

SEPTEMBER 

65.1 

64.9 

67.8 

68.9 

67.4 

65.6 

77 

OCTOBER 

51.2 

50.4 

55.1 

57.5 

55.2 

52.5 

77 
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ENTHALPY  FOR  AVERAGE  WET- BULBS 

bESIGN 

1-4 

5-8 

9-12 

13-16 

17-20 

21-24 

ENTHALPY 

APRIL 

19.64 

19.11 

21.55 

23.58 

22.98 

21.09 

40.57 

MAY 

24.53 

24.21 

27.28 

29.23 

28.57 

26.06 

40.57 

JUNE 

31.47 

31.31 

34.01 

34.95 

34.51 

32.59 

40.57 

JULY 

34.77 

34.86 

38.14 

39.57 

38.52 

36.37 

40.57 

AUGUST 

31.54 

31.62 

34.95 

35.83 

34.95 

32.84 

40.57 

SEPTEMBER 

30.13 

29.98 

32.25 

33.09 

31.93 

30.52 

40.57 

OCTOBER 

20.98 

20.53 

23.28 

24.72 

23.34 

21.72 

40.57 

PEAK 

COOLING  PROFILE  OF  C 

ENTRAL  PLANTS 

LOAD 

1-4 

5-8 

9-12 

13-16 

17-20 

21-24 

(Btuh) 

APRIL 

0 

0 

0 

0 

0 

0 

0 

MAY 

0.3 

0.3 

0.7 

0.7 

0.3 

0.3 

10984000 

JUNE 

0.3 

0.3 

0.7 

0.7 

0.3 

0.3 

13259000 

JULY 

0.3 

0.3 

0.7 

0.7 

0.3 

0.3 

13259000 

AUGUST 

0.3 

0.3 

0.7 

0.7 

0.3 

0.3 

13259000 

SEPTEMBER 

0.3 

0.3 

0.7 

0.7 

0.3 

0.3 

13259000 

OCTOBER 

0 

0 

0 

0 

0 

0 

0 

RATIO  OF  MONTHLY  ENl 

rHALPY  TO  DESIGN  ENTHALPY 

DAYS  PER 

1-4 

5-8 

9-12 

13-16 

17-20 

21-24 

MONTH  OPER. 

APRIL 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

30 

MAY 

1.8 

1.8 

1.7 

1.6 

1.6 

1.7 

31 

JUNE 

1.5 

1.5 

1.3 

1.3 

1.3 

1.4 

30 

JULY 

1.3 

1.3 

1.1 

1.1 

1.1 

1.2 

31 

AUGUST 

1.5 

1.4 

1.3 

1.2 

1.3 

1.4 

31 

SEPTEMBER 

1.5 

1.5 

1.4 

1.4 

1.4 

1.5 

30 

OCTOBER 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

31 
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%  DESIGN  LOAD  I 

DAYS  PER 
MONTH  OPER. 

1-4 

5-8 

9-12 

13-16 

17-20 

CM 

1 

CM 

APRIL 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

30 

MAY 

13.8 

13.7 

34.8 

37.0 

15.5 

14.4 

31 

JUNE 

20.6 

20.5 

52.7 

54.6 

23.0 

21.4 

30 

JULY 

23.3 

23.3 

62.4 

66.7 

27.2 

24.8 

31 

AUGUST 

20.7 

20.7 

54.6 

56.6 

23.4 

21.6 

31 

SEPTEMBER 

19.7 

19.6 

49.4 

50.9 

20.9 

20.0 

30 

OCTOBER 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

31 

SINGLE  SPE 

ED  CONTROL  (kWh) 

TOTAL 

(kWh) 

1-4 

5-8 

9-12 

13-16 

17-20 

21-24 

APRIL 

0 

0 

0 

0 

0 

0 

MAY 

704 

698 

1778 

1889 

793 

735 

JUNE 

1018 

1013 

2603 

2699 

1137 

1059 

JULY 

1187 

1191 

3186 

3402 

1389 

1265 

AUGUST 

1055 

1058 

2789 

2888 

1195 

1104 

SEPTEMBER 

974 

969 

2442 

2516 

1035 

986 

OCTOBER 

0 

0 

0 

0 

0 

0 

TOTAL 

4938 

4928 

12797 

13394 

5549 

5150 

46756 

VARIABLE  S 

PEED  COOLI 

NG  TOWER  CYCLING  (kWh) 

TOTAL 

(kWh) 

1-4 

5-8 

9-12 

13-16 

17-20 

21-24 

APRIL 

0 

0 

0 

0 

0 

0 

MAY 

17 

16 

270 

323 

24 

19 

JUNE 

54 

53 

904 

1007 

75 

61 

JULY 

80 

81 

1551 

1890 

129 

97 

AUGUST 

56 

57 

1041 

1156 

82 

65 

SEPTEMBER 

47 

47 

746 

816 

57 

49 

OCTOBER 

0 

0 

0 

0 

0 

0 

TOTAL 

255 

254 

4512 

5193 

367 

291 

10872 
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LIFE  CYCLE  COST  ANALYSIS  SUMMARY  STUDY?  3442EC5B 

ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP)  LCCID  1.035 

INSTALLATION  &  LOCATION:  FT.  SILL,  OKLAHOMA  REGION  NOS.  6  CENSUS;  3 

PROJECT  NO.  &  TITLE;  3002-000  ENERGY  SURVEY  OF  ARMY  BOILER/ CHILLERS 
FISCAL  YEAR  1991  DISCRETE  PORTION  NAME:  TWO  SPEED  COOLING  TOWER 
ANALYSIS  DATE:  04-11-91  ECONOMIC  LIFE  25  YEARS  PREPARED  BY;  KC 


1 .  INVESTMENT 

A.  CONSTRUCTION  COST 

B.  SIOH 

C.  DESIGN  COST 

D.  ENERGY  CREDIT  CALC  ( lA+lB+lC) X. 9 

E.  SALVAGE  VALUE  COST 

F.  TOTAL  INVESTMENT  (ID-IE) 


$ 

$ 

$ 

$ 

-$ 

$ 


2.  ENERGY  SAVINGS  (+)  /  COST  (-) 

ANALYSIS  DATE  ANNUAL  SAVINGS,  UNIT  COST  &  DISCOUNTED  SAVINGS 


9951. 

548. 

597. 

9986. 

0. 

9986. 


3. 


UNIT  COST  SAVINGS 


FUEL 

$/MBTU(l) 

MBTU/YR(2) 

A. 

ELECT 

$  4.01 

122. 

B, 

DIST 

$  .00 

0. 

C. 

RESID 

$  .00 

0. 

D. 

NAT  G 

$  2.92 

0. 

E. 

COAL 

$  .00 

0. 

F. 

TOTAL 

122. 

NON 

ENERGY 

SAVINGS (+) 

/  COST(-) 

A. 

ANNUAL 

RECURRING 

(+/-) 

(1)  DISCOUNT  FACTOR  (TABLE  A) 

(2)  DISCOUNTED  SAVING/ COST  (3A  X 


ANNUAL  $ 

DISCOUNT 

DISCOUNTED 

SAVINGS ( 3 ) 

FACTOR(4) 

SAVINGS ( 5 ) 

$ 

492. 

11.37 

5589. 

$ 

0. 

17.06 

0. 

$ 

0. 

16.85 

0. 

$ 

0. 

17.52 

0. 

$ 

0. 

13.34 

0. 

$ 

492. 

$  5589. 

$ 

-597. 

11.65 

Al) 

$ 

-6955. 

C.  TOTAL  NON  ENERGY  DISCOUNTED  SAVINGS(+)  /COST(-)  (3A2+3Bd4)  $  -6955. 


D.  PROJECT  NON  ENERGY  QUALIFICATION  TEST 

(1)  25%  MAX  NON  ENERGY  CALC  (2F5  X  .33)  $  1845. 

A  IF  3D1  IS  =  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  =  (2F5+3D1)/1F)=  _ 

C  IF  3D1B  IS  =  >  1  GO  TO  ITEM  4 

D  IF  3D1B  IS  <  1  PROJECT  DOES  NOT  QUALIFY 

4.  FIRST  YEAR  DOLLAR  SAVINGS  2F3+3A+ ( 3B1D/ (YEARS  ECONOMIC  LIFE))  $  -105. 

5.  TOTAL  NET  DISCOUNTED  SAVINGS  (2F5+3C)  $  -1366. 

6.  DISCOUNTED  SAVINGS  RATIO  (SIR)=(5  /  1F)=  -.14 

(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 

7.  SIMPLE  PAYBACK  PERIOD  (ESTIMATED)  SPB=lF/4  -94.74 
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ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 
FT.  SILL,  OKLAHOMA 

CENTRAL  PLANT:  3442 

ENERGY  CONSERVATION  OPPORTUNITY:  ECO-  6 

SYSTEM  MODIFICATION:  HIGH  EFFICIENCY  MOTOR  REPLACEMENT 
SYSTEMS  TO  MODIFY:  PUMP  &  COOLING  TOWER  MOTORS 


CALCULATION  DESCRIPTION: 

Analysis  spread  sheet  was  prepared  to  determine  the  energy  savings  for 
ECO -6,  install  high  efficiency  motors. 

It  was  estimated  that  the  electrical  energy  can  be  saved  by  installing  high  efficiency 
motors  based  on  the  motor  operating  hours  per  year. 


ANNUAL  UTILITY  SAVINGS 


PC  CUBE  RUN 

Electric 

Nat.  Gas 
(MMBtu) 

Total  Energy 
(MMBtu) 

Demand(kW) 

Energy(kWh) 

Baseline 

— 

— 

— 

0 

ECO 

— 

— 

— 

0 

Savinas  (Baseline-ECO) 

i  - .  4 

12.880 

0 

44 

NOTE:  The  savings  for  this  ECO  did  not  consider  any  interrelated  savings  with  other 

ECOs  identified  as  economically  feasible. 


ENERGY  COST  SAVINGS: 


Electricity: 

44  MMBtuA'r 

X 

$4.0141  /MMBtu  = 

$176  per  year 

Nat.  Gas: 

0  MMBtuA^r 

X 

$2.92 /MMBtu  = 

$0  per  year 

Total  Energy  Cost  Savings: 

$176 

+ 

$0 

$176  per  year 

NON -ENERGY  SAVINGS  (+).  COST  (-): 

Demand: 

4  kW/month 

X 

$1.787 /kW  X 

12  months/year 

=  (+) 

$86 

per  year 

Maintenance:  =  (-) 

$0 

per  year 

Total: 

$86 

$0 

$86  per  year 

IECO-SHT.WK31 
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HIGH  EFFICIENCY 
MOTOR  REPLACEMENT 


LABOR  RATE: 

19.6  $/hr 

ELECTRIC  CONS. 

0.0137  $/kWH 

ELECTRIC  DEMAND 

1.787  $/kW 

BLDG. 

EQUIPMENT 

MOTOR 

MOTOR 

MEAS 

MEAS 

MEAS 

EXST 

NEW 

KW 

HRS/ 

KWH/YR 

SVQS/ 

NO. 

SERVE 

HP 

FLA 

AMPS 

PF 

VOLT 

EFF 

EFF 

8VQS 

YEAR 

8VQ8 

YEAR 

730 

CWP-1 

150.0 

179.0 

147.0 

0.87 

460 

90.19% 

95.00% 

5.73 

2641 

15120 

$330 

CWP-2 

150.0 

179.0 

148.0 

0.91 

460 

86.22% 

95.00% 

11.50 

1873 

21539 

$542 

CNWP-1 

50.0 

118.0 

107.0 

0.98 

230 

80.97% 

93.00% 

6.67 

2641 

17629 

$385 

CNWP-2 

50.0 

118.0 

107.0 

0.99 

230 

80.15% 

93.00% 

7.27 

468 

3405 

$203 

CNWP-3 

Nl 

Nl 

Nl 

CTM-1 

30.0 

71.4 

70.7 

0.93 

230 

84.60% 

92.40% 

2.61 

702 

1834 

$81 

CTM-2 

30.0 

71.4 

71.0 

0.87 

230 

90,44% 

92.40% 

0.58 

702 

405 

$18 

HWP-1 

50.0 

125.0 

117.5 

0.87 

230 

86.10% 

93.00% 

3.51 

3624 

12722 

$250 

HWP-2 

50.0 

125.0 

118.0 

0,87 

230 

86.10% 

93.00% 

3.53 

3624 

12776 

$251 

DEMAND  CREDIT 

$888 

MMBtu 

292 

TOTAL 

41 

85430 

$2,058 

914 

CWP-1 

40.0 

48.0 

41.3 

0.87 

460 

89.69% 

93.00% 

1.14 

3672 

4178 

$82 

CNWP-1 

15.0 

19,0 

14,4 

0.82 

460 

90.15% 

90.20% 

0.01 

3672 

23 

$0 

CTM-1 

10.0 

15.0 

12.0 

0.82 

460 

76.12% 

89.50% 

1.54 

416 

640 

$42 

CTM-2 

10.0 

15.0 

12.0 

0.82 

460 

76.12% 

89.50% 

1.54 

416 

640 

$42 

HWP-1 

2.0 

6.2 

5.4 

0.87 

230 

69.43% 

84.00% 

0.47 

3624 

1694 

$33 

HWP-2 

2.0 

6.2 

5.6 

0.87 

230 

69.43% 

84.00% 

0,48 

3624 

1757 

$34 

DEMANI 

D  CREDIT 

$111 

MMBtu 

30 

TOTAL 

5 

8932 

$233 

2812 

CWP-1 

20.0 

27.0 

23.0 

0.77 

460 

90.07% 

91.00% 

0.16 

3672 

586 

$11 

CNWP-1 

25.0 

31.5 

26.5 

0.82 

460 

91.18% 

91.70% 

0.11 

3672 

394 

$8 

CTM-1 

15.0 

18.6 

18.6 

0.87 

460 

86,79% 

90.20% 

0.56 

1167 

655 

$21 

HWP-1 

7.5 

21.6 

18.5 

0.87 

230 

74.74% 

88.50% 

1.33 

5163 

6888 

$123 

HWP-2 

7.5 

21.6 

19.0 

0.87 

230 

74.74% 

88.50% 

1.37 

3672 

5031 

$98 

DEMANI 

D  CREDIT 

$76 

MMBtu 

46 

TOTAL 

4 

13554 

$261 

3442 

CWP-1 

60,0 

73.0 

63.0 

0.84 

460 

91.62% 

94.50% 

1.40 

3672 

5158 

Vm 

CWP-2 

60.0 

73.0 

63.4 

0.84 

460 

91 .62% 

94.50% 

1.41 

3672 

5191 

CNWP-1 

40.0 

52.0 

41.0 

0.78 

460 

92.34% 

93.00% 

0.20 

3672 

721 

$14 

CNWP-2 

40.0 

52.0 

35.8 

0.78 

460 

92.34% 

93.00% 

0.17 

3672 

629 

$12 

CTM-1 

15.0 

18.3 

14.6 

0.87 

460 

88.21% 

90.20% 

0.25 

1169 

295 

$9 

CTM-2 

15.0 

18.3 

14.6 

0.87 

460 

88.21% 

90.20% 

0.25 

1169 

295 

$9 

CTM-3 

15.0 

18.3 

14.6 

0.87 

460 

88.21% 

90.20% 

0.25 

1169 

295 

$9 

CTM-4 

15.0 

18.3 

14.6 

0.87 

460 

88.21% 

90.20% 

0.25 

1169 

295 

$9 

DEMAN 

D  CREDIT 

$90 

MMBtu 

44 

TOTAL 

4 

12880 

$266 

4701 

CWP-1 

50.0 

60.7 

51 

0.87 

440 

92.68% 

93.00% 

0.13 

1873 

235 

$6 

CWP-2 

50.0 

60.7 

51 

0,87 

440 

92.68% 

93.00% 

0.13 

1873 

235 

$6 

CNWP-1 

30.0 

38 

33 

0.87 

440 

88.83% 

92.40% 

0.95 

1873 

1784 

$45 

CNWP-2 

30.0 

38 

33 

0.87 

440 

88.83% 

92.40% 

0.95 

1873 

1784 

$45 

CTM-1 

20.0 

24.6 

18.2 

0.87 

460 

87.50% 

91.00% 

0.55 

650 

361 

$17 

CTM-2 

15.0 

19.2 

16.5 

0.87 

440 

87.90% 

90.20% 

0.32 

650 

206 

$10 

DEMAN 

D  CREDIT 

$65 

MMBtu 

16 

TOTAL 

3 

4605 

$128 

5676 

HCP-1 

10.0 

13.5 

13 

0.87 

460 

79.72% 

89.50% 

1.24 

7296 

9012 

$150 

HCP-2 

10.0 

13.5 

13 

0.87 

460 

79.72% 

89.50% 

1.24 

7296 

9012 

$150 

CNWP-1 

7.5 

11 

10 

0.87 

460 

73.38% 

88.50% 

1.61 

3672 

5927 

$116 

CTM-1 

7.5 

10.5 

9 

0.79 

460 

84,66% 

88.50% 

0.29 

1160 

337 

$11 

DEMAN 

D  CREDIT 

$94 

MMBtu 

83 

TOTAL 

4 

24287 

$427 

5678 

HCP-1 

2.0 

6.5 

5.9 

0.83 

208 

76.76% 

84.00% 

0.20 

7296 

1445 

$24 

HCP-2 

2.0 

6.5 

5.7 

0,83 

208 

76.76% 

84.00% 

0.19 

7296 

1396 

$23 

HCP-3 

1.5 

4.8 

4.5 

0.83 

230 

70.51% 

84.00% 

0.34 

7296 

2474 

$41 

HCP-4 

2.0 

6.3 

5.8 

0.83 

230 

71.62% 

84.00% 

0.39 

7296 

2878 

$48 

CNWP-1 

7.5 

11 

10 

0.87 

460 

73.38% 

88.50% 

1.61 

3672 

5927 

$116 

CTM-1 

7.5 

11 

9.6 

0.75 

460 

85.12% 

88.50% 

0.26 

1139 

293 

$10 

DEMAf^ 

ID  CREDIT 

$64 

MMBtu 

49 

TOTAL 

3 

14412 

$262 

D-3442-27 


DATE  PREPARED 

10-ADr-91 

SHT  OF 

CHECKED  BY  CEL  i 

SHIPPING 

Total 

Wt 

Unit 

Wt 

EFFECTIVE  PRICING 

DATE  APR.  91 

DRAWING  NO. 

I  ESTIMATOR  KC 

I  TOTAL 

$3,436 

$3,436 

$2,353 

$2,353 

$1,073 

$1,073 

$1,073 

$1,073 

$15,872 

$2,540 

$1,587 

$19,999 

o 

o 

o 

4A 

$23,998 

$1,320 

$25,318 

-I 

< 

cc 

Cost 

3235.00 

3235.00 

2212.00 

2212.00 

985.00 

00S86 

00S86 

00*986 

$14,834 

$2,373 

$1,483 

<D 

co' 

$3,738 

$22,429 

CO 

CM 

$23,663 

INVITATION  NO./CONTRACT  NO. 

DACA59-90-C-0087 

UJ 

< 

_ 

Unit 

Price 

3235.0 

3235.0 

2212.0 

2212.0 

985.0 

0*986 

985.0 

0*986 

u 

UJ 

Q 

O 

O 

EQUIPMENT 

Cost 

I  x|  CODE  b| 

Unit 

Price 

CODE  A 

OTHER 

UBOR 

Cost 

o 

CNJ 

o 

C\J 

CO 

CO 

00 

oo 

00 

00 

00 

00 

$1 ,038 

$166 

$104 

$1,308 

$262 

$1 .569 

<D 

OO 

$1 ,656 

□ 

Unit 

Price 

20 

o 

CNJ 

o 

CM 

20 

20 

20 

o 

CM 

20 

r 

COST  ESTIMATE  ANALYSIS 

I  PROJECT  ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER 

Total 

Hrs 

I  10.3 

10.3 

7.2 

7.2 

u> 

U> 

ri 

_ ±Li 

MH/ 

Unit 

10.3 

10.3 

CM 

i/> 

4.5 

4.5 

4.5 

c 

Unit 

Meas 

L.,  EA 

EA 

< 

UJ 

EA 

EA 

EA 

EA 

< 

UJ 

TOTAL  THIS  SHEET  I 

LOCATION  FT.  SILL,  OKLAHOMA 

OJ 

3 

O 

i  No.  Of 

Units 

16% 

10% 

o 

CM 

5.5% 

MOTOR  REP.  ECO  BLDG.  3442 

HIGH  EFF.  MOTOR  REP.LACEMENT 

TASK  DESCRIPTION 

CWP-1  60.0  HP  MOTOR 

CWP-a  60.0  HP  MOTOR 

CNWP-1  40.0  HP  MOTOR 

CNWP-2  40.0  HP  MOTOR 

CTM-1  15.0  HP  MOTOR 

CTM-2  15.0  HP  MOTOR 

CTM-3  15.0  HP  MOTOR 

CTM-4  15.0  HP  MOTOR 

SUBTOTAL 

1  OVERHEAD.  BOND 

PROFIT 

1  COST SUB-TOTAL 

CONTINGENCY 

SUBTOTAL 

S&A 

D-3442-28 


DA  FORM  5418-R,  APR  85 


LIFE  CYCLE  COST  ANALYSIS  SUMMARY  STUDY:  3442EC6 

ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP)  LCCID  1.035 

INSTALLATION  &  LOCATION:  FT.  SILL,  OKLAHOMA  REGION  NOS.  6  CENSUS:  3 

PROJECT  NO.  &  TITLE;  3002-000  ENERGY  SURVEY  OF  ARMY  BOILER/ CHILLERS 
FISCAL  YEAR  1991  DISCRETE  PORTION  NAME;  HIGH  EFF.  MOTOR 
ANALYSIS  DATE:  04-12-91  ECONOMIC  LIFE  25  YEARS  PREPARED  BY:  KC 


1 .  INVESTMENT 

A.  CONSTRUCTION  COST  $ 

B.  SIOH  $ 

C.  DESIGN  COST  $ 

D.  ENERGY  CREDIT  CALC  ( lA+lB+lC ) X. 9  $ 

E.  SALVAGE  VALUE  COST  -$ 

F.  TOTAL  INVESTMENT  (ID-IE)  $ 


2.  ENERGY  SAVINGS  (+)  /  COST  (-) 

ANALYSIS  DATE  ANNUAL  SAVINGS,  UNIT  COST  &  DISCOUNTED  SAVINGS 


23998. 

1320. 

1440. 

24082. 

0. 

24082. 


UNIT  COST 

SAVINGS 

ANNUAL  $ 

DISCOUNT 

DISCOUNTED 

FUEL 

$/MBTU(l) 

MBTU/YR(2) 

SAVINGS ( 3 ) 

FACTOR{4) 

SAVINGS ( 5 ) 

A. 

ELECT 

$  4.01 

44- 

$ 

111. 

11.37 

2008. 

B. 

DIST 

$  .00 

0. 

$ 

0. 

17.06 

0. 

C. 

RESID 

$  .00 

0* 

$ 

0. 

16.85 

0. 

D. 

NAT  G 

$  2.92 

0. 

$ 

0. 

17.52 

0. 

E. 

COAL 

$  .00 

0. 

$ 

0. 

13.34 

0. 

F. 

TOTAL 

44. 

$ 

111. 

$ 

2008. 

NON 

ENERGY 

SAVINGS (+)  / 

COST(-) 

A. 

ANNUAL 

RECURRING  (+/ 

-) 

$ 

85. 

(1)  DISCOUNT  FACTOR 

(TABLE  A) 

11.65 

(2)  DISCOUNTED  SAVING/COST  ( 3A  X 

3A1) 

$ 

990. 

C.  TOTAL  NON  ENERGY  DISCOUNTED  SAVINGS (+)  /COST(-)  (3A2+3Bd4)  $  990. 


D.  PROJECT  NON  ENERGY  QUALIFICATION  TEST 

(1)  25%  MAX  NON  ENERGY  CALC  (2F5  X  .33)  $  663. 

A  IF  3D1  IS  =  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  =  (2F5+3D1)/1F)=  .11 

C  IF  3D1B  IS  =  >  1  GO  TO  ITEM  4 

D  IF  3D1B  IS  <  1  PROJECT  DOES  NOT  QUALIFY 

4.  FIRST  YEAR  DOLLAR  SAVINGS  2F3+3A+(3BlD/( YEARS  ECONOMIC  LIFE))  $  262. 

5.  TOTAL  NET  DISCOUNTED  SAVINGS  (2F5+3C)  $  2998. 

6.  DISCOUNTED  SAVINGS  RATIO  (SIR)=(5  /  1F)=  .12 

(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 

****  Project  does  not  qualify  for  ECIP  funding;  4,5,6  for  information  only. 


7.  SIMPLE  PAYBACK  PERIOD  (ESTIMATED)  SPB=lF/4 


92.05 


D-3442-29 


CENTRAL  PLANT  4701 


ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 
FT.  SILL,  OKLAHOMA 

CENTRAL  PLANT:  4701 

ENERGY  CONSERVATION  OPPORTUNITY:  ECO-  1 

SYSTEM  MODIFICATION:  ADD  INSTRUMENTATION  TO  DETERMINE  LOAD 
SYSTEMS  TO  MODIFY:  CHILLER  1  AND  2  COMBINED 


CALCULATION  DESCRIPTION: 

Two  PC-CUBE  program  computer  runs  are  compared  to  determine  the  energy  savings  for 
ECO-1 ,  install  instrumentation  to  facilitate  efficient  operation  of  chiller  plant. 

The  first  computer  run  (Baseline)  is  a  simulation  of  the  existing  structure,  equipment,  and 
systems,  and  how  they  are  presently  operated.  The  second  computer  run  (ECO)  is  also  a 
simulation  of  the  existing  building  with  modifications  implemented  in  the  systems,  equipment, 
or  the  operation.  The  difference  in  the  totals  from  the  two  computer  runs  represents  the  savings. 


ANNUAL  UTILITY  SAVINGS 


PC  CUBE  RUN 

Electric 

Nat.  Gas 
(MMBtu) 

Total  Energy 
(MMBtu) 

Demand(kW) 

Energv(kWh) 

Baseline 

— 

306,000 

7,876 

8,920 

ECO 

— 

235,000 

7,876 

8,678 

Savinas  (Baseline -ECO) 

0 

71.000 

0 

242 

NOTE:  The  savings  for  this  ECO  did  not  consider  any  interrelated  savings  with  other 

ECOs  identified  as  economically  feasible. 


ENERGY  COST  SAVINGS: 


Electricity: 

242  MMBtum 

X 

$4.0141  /MMBtu  = 

$973  per  year 

Nat.  Gas: 

0  MMBtu/Yr 

X 

$2.92 /MMBtu  = 

$0  per  year 

Total  Energy  Cost  Savings: 

$973 

+ 

$0 

$973  per  year 

NON-ENERGY  SAVINGS  (+),  COST  (-): 

Demand: 

0  kW/month 

X 

$1 .787  /kW  X 

12  months/year 

=  (+) 

$0 

per  year 

Maintenance:  =  (-) 

$320 

per  year 

Total: 

$0 

$320 

($320)  per  year 

[ECO-SHT.WK31 


D-4701-1 


PC-CUBE  VERSION  2.0.3 

CENTRAL  PLANT  4701  BASELINE- 1 

SYSTEM  Cl  NORMAL  HEATING  AND  COOLING 


FUEL  AND  POWER  CONSUMPTION  SYSTEM  Cl 

TOTAL  GAS  CONSUMP.,  1000  CU  FT  7875. 

PEAK  DAY  GAS  CONSUMP.,  1000  CU  FT  99. 

ELECTRICAL  CONSUMPTION,  KWH  305028. 

PEAK  KW  DEMAND  (15  MIN  BASIS)  396. 

PURCHASED  ELECTRIC  POWER 

ON-PEAK  CONSUMPTION  KWH  305028. 

ON-PEAK  KW  DEMAND  (15  MIN  BASIS)  396. 

MID-PEAK  CONSUMPTION  KWH  0. 

MID-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

OFF-PEAK  CONSUMPTION  KWH  0. 

OFF-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

GENERATED  ELECTRICAL  POWER  KWH  0. 

SOLD  ELECTRICAL  POWER  KWH  0. 

AUXILIARY  FUEL  CONSUMPTION  0. 

DIR.  PROC,  GAS  CONSUMP.,  1000  CF  0. 

CHILLER  OPERATING  HOURS 

CHILLER  1  1873 

CHILLER  2  1873 

BOILER  OPERATING  HOURS 

BOILER  1  1205 

BOILER  2  0 

RECOVERABLE  HEAT  USED,  MBTU  0. 

RECOVERABLE  HEAT  UNUSED,  MBTU  0. 


PAGE  NO. 


**  TOTAL  ** 


20 


D-4701-2 


PC-CUBE  VERSION  2.0.3 

CENTRAL  PLANT  4701  CHILLER  ECO-1 

SYSTEM  Cl  NORMAL  HEATING  AND  COOLING 

FUEL  AND  POWER  CONSUMPTION  SYSTEM  Cl 

TOTAL  GAS  CONSUMP.,  1000  CU  FT  7875. 

PEAK  DAY  GAS  CONSUMP.,  1000  CU  FT  99* 


ELECTRICAL  CONSUMPTION,  KWH 
PEAK  KW  DEMAND  (15  MIN  BASIS) 
PURCHASED  ELECTRIC  POWER 
ON -PEAK  CONSUMPTION  KWH 
ON-PEAK  KW  DEMAND  (15  MIN  BASIS) 
MID-PEAK  CONSUMPTION  KWH 
MID-PEAK  KW  DEMAND  (15  MIN  BASIS) 
OFF-PEAK  CONSUMPTION  KWH 
OFF-PEAK  KW  DEMAND  (15  MIN  BASIS) 
GENERATED  ELECTRICAL  POWER  KWH 
SOLD  ELECTRICAL  POWER  KWH 


234767. 

452. 

234767. 

452. 

0. 

0. 

0. 

0. 

0. 

0. 


AUXILIARY  FUEL  CONSUMPTION 

DIR.  PROC.  GAS  CONSUMP.,  1000  CF 
CHILLER  OPERATING  HOURS 
CHILLER  1 
CHILLER  2 

BOILER  OPERATING  HOURS 
BOILER  1 
BOILER  2 


0. 

0. 

1873 

87 

1205 

0 


RECOVERABLE  HEAT  USED,  MBTU 
RECOVERABLE  HEAT  UNUSED,  MBTU 


PAGE  NO.  8 

**  TOTAL  ** 


D-4701-3 


ECO-1,  INSTRUMENTATION  FOR  CHILLER  PLANT 
(TYPICAL) 


CHILLER  2 


CONDENSER 


COMPRESSOR 


CWP-1 


BTU  METER  F  ”1 


(NEW) 


I  r*" 

/  \  \ 

/  1  ^ 
+  T  N 
1  1  \ 


DISPLAY:  (NEW) 

-  TEMP’S  & 

-  TONS  COOLING 


(NEW) 


(NEW) 


TO  BLDGs. 


FROM  BLDGs. 


[□  FLOW  METER 

[j]  TEMPERATURE  SENSORS 


[C-ECO-l.DWG] 


D-4701-4 


DATE  PREPARED 

04 -Apr-91 

SHT  OF 

CHECKED  BY  CEL 

SHIPPING 

Total 

Wt 

Unit 

Wt 

EFFECTIVE  PRICING 

DATE  APR- 91 

DRAWING  NO. 

ESTIMATOR  KC 

-1 

< 

1- 

O 

1- 

$504 

$504 

$961 

00 

CO 

0> 

o 

CM 

$496 

$3,523 

$564 

$352 

$4,439 

CO 

00 

00 

$5,327 

$293 

o 

CM 

9. 

u> 

MATERIAL 

Cost 

$328 

00 

CM 

CO 

$764 

$820 

$120 

$316 

$2,676 

CO 

CM 

GO 

(0 

CM 

$3,372 

rt 

CO 

$4,046 

CO 

CM 

CM 

O) 

CD 

CM 

INVITATION  NO./CONTRACT  NO. 

DACA  59-90-C-0087 

Unit 

Price 

$328 

$328 

$764 

o 

CM 

CO 

$60 

$158 

CODEC 

EQUIPMENT 

Cost 

X  CODE  B 

Unit 

Price 

< 

111 

O 

O 

o 

OTHER 

LABOR 

Cost 

$176 

(O 

$197 

$118 

$180 

_ j 

$847 

$136 

$85 

$1,067 

$213 

$1,281 

$70 

$1,351 

Unit 

Price 

$176 

$176 

$197 

$20 

$20 

COST  ESTIMATE  ANALYSIS 

PROJECT  ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER 

LOCATION  FT.  SILL.  OKLAHOMA 

Total 

Hrs 

6.0 

CM 

0> 

MH/ 

Unit 

6.0 

4.6 

Quantity 

Unit 

Meas 

EA 

EA 

EA 

EA 

EA 

EA 

No.  Of 

Units 

CM 

CM 

16% 

10% 

20% 

5.5% 

CHILLER  ECO-1  BLDG.  4701 

INSTRUMENTATION 

TASK  DESCRIPTION 

INSTRUMENTATION  FOR  2  CHILLERS 

CHWS  TEMPERATURE  SENSOR 

CHWR  TEMPERATURE  SENSOR 

INSERT.  FLOW  METER 

BTU  METER 

LED  DISPLAY 

LED  INSTALLATION 

SUBTOTAL 

OVERHEAD,  BOND 

PROFIT 

COST SUB-TOTAL 

CONTINGENCY 

SUBTOTAL 

S&A 

TOTAL  THIS  SHEET 

D-4701-5 


DA  FORM  541 8-R,  APR  85 


LIFE  CYCLE  COST  ANALYSIS  SUMMARY  STUDY:  C4701ECO 

ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP)  LCCID  1.035 

INSTALLATION  &  LOCATION:  FT.  SILL,  OKLAHOMA  REGION  NOS.  6  CENSUS;  3 

PROJECT  NO.  &  TITLE:  3002-000  ENERGY  SURVEY  OF  ARMY  BOILER/ CHILLERS 
FISCAL  YEAR  1991  DISCRETE  PORTION  NAME:  CHILLER  INSTRUMENTATION 
ANALYSIS  DATE:  04-08-91  ECONOMIC  LIFE  15  YEARS  PREPARED  BY:  KC 


1 .  INVESTMENT 

A.  CONSTRUCTION  COST  $ 

B.  SIOH  $ 

C.  DESIGN  COST  $ 

D.  ENERGY  CREDIT  CALC  ( lA+lB+lC) X. 9  $ 

E.  SALVAGE  VALUE  COST  -$ 

F.  TOTAL  INVESTMENT  (ID-IE)  $ 


2.  ENERGY  SAVINGS  (+)  /  COST  (-) 

ANALYSIS  DATE  ANNUAL  SAVINGS,  UNIT  COST  &  DISCOUNTED  SAVINGS 


5327. 

293. 

320. 

5346. 

0. 

5346. 


FUEL 

A.  ELECT 

B.  DIST 

C.  RESID 

D .  NAT  G 

E.  COAL 

F.  TOTAL 


UNIT  COST 
$/MBTU(l) 

$  4.01 
$  .00 
$  .00 
$  2.92 
$  .00 


SAVINGS 

MBTU/YR(2) 

242. 

0. 

0. 

0. 

0. 

242. 


ANNUAL  $ 
SAVINGS ( 3 ) 

$  971. 

$  0. 

$  0. 

$  0. 

$  0. 

$  971. 


DISCOUNT 

FACTOR(4) 

8.78 

12.34 

12.05 

12.48 

10.01 


DISCOUNTED 
SAVINGS (5) 

8529. 

0. 

0. 

0. 

0. 

$  8529. 


3.  NON  ENERGY  SAVINGS (+)  /  COST(-) 


A.  ANNUAL  RECURRING  (+/-) 

(1)  DISCOUNT  FACTOR  (TABLE  A) 

(2)  DISCOUNTED  SAVING/COST  (3A  X  3A1) 


$ 


9.11 


$ 


C.  TOTAL  NON  ENERGY  DISCOUNTED  SAVINGS (+)  /COST{-)  (3A2+3Bd4)  $ 


881. 

8026. 

8026. 


D.  PROJECT  NON  ENERGY  QUALIFICATION  TEST 

(1)  25%  MAX  NON  ENERGY  CALC  (2F5  X  .33)  $  2814. 

A  IF  3D1  IS  =  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  =  ( 2F5+3D1 ) /IF) =  2.12 

C  IF  3D1B  IS  =  >  1  GO  TO  ITEM  4 

D  IF  3D1B  IS  <  1  PROJECT  DOES  NOT  QUALIFY 

4.  FIRST  YEAR  DOLLAR  SAVINGS  2F3+3A+ ( 3B1D/ (YEARS  ECONOMIC  LIFE))  $  1852. 

5.  TOTAL  NET  DISCOUNTED  SAVINGS  (2F5+3C)  $  16555. 

6.  DISCOUNTED  SAVINGS  RATIO  (SIR)=(5  /  1F)=  3.10 

(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 

7.  SIMPLE  PAYBACK  PERIOD  (ESTIMATED)  SPB=lF/4  2.89 


D-4701-6 


ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 
FT.  SILL.  OKLAHOMA 

CENTRAL  PLANT:  4701 

ENERGY  CONSERVATION  OPPORTUNITY:  ECO-  2 

SYSTEM  MODIFICATION:  CHILLER  OPTIMIZATION,  ADD  INSTRUMENTATION 
SYSTEMS  TO  MODIFY:  CHILLER  1  AND  2 


CALCULATION  DESCRIPTION: 

Two  PC-CUBE  program  computer  runs  are  compared  to  determine  the  energy  savings  for 
ECO-2,  install  instrumentation  connected  to  EMCS  for  chiller  optimization. 

The  first  computer  run  (Baseiine)  is  a  simulation  of  the  existing  structure,  equipment,  and 
systems,  and  how  they  are  presently  operated.  The  second  computer  run  (ECO)  is  also  a 
simulation  of  the  existing  building  with  modifications  implemented  in  the  systems,  equipment, 
or  the  operation.  The  difference  in  the  totals  from  the  two  computer  runs  represents  the  savings. 


ANNUAL  UTILITY  SAVINGS 


PC  CUBE  RUN 

Electric 

Nat.  Gas 
(MMBtu) 

Total  Energy 
(MMBtu) 

Demand(kW) 

Energv(kWh) 

Baseline 

— 

306,000 

0 

1,044 

ECO 

— 

128,000 

0 

437 

Savings  (Baseline-ECO) 

0 

178.000 

0 

608 

NOTE:  The  savings  for  this  ECO  did  not  consider  any  interrelated  savings  with  other 

ECOs  identified  as  economically  feasible. 


ENERGY  COST  SAVINGS: 


Electricity: 

608  MMBtum  X 

$4.0141  /MMBtu  = 

$2,439  per  year 

Nat.  Gas: 

0  MMBtum  X 

$2.92 /MMBtu  = 

$0  per  year 

Total  Energy  Cost  Savings: 

$2,439  + 

$0 

$2,439  per  year 

NON -ENERGY  SAVINGS  (+),  COST  (-): 

Demand: 

0  kW/month  X 

$1.787/kW  X 

12  months/year 

=  (+) 

$0  per  year 

Maintenance:  =  (-) 

$234  per  year 

Total: 

$0 

— 

$234 

($234)  per  year 

[ECO-SHT.WK31 


D-4701-7 


PC-CUBE  VERSION  2.0.3 

CENTRAL  PLANT  4701  BASELINE- 1 

SYSTEM  Cl  NORMAL  HEATING  AND  COOLING 


FUEL  AND  POWER  CONSUMPTION  SYSTEM  Cl 

TOTAL  GAS  CONSUME.,  1000  CU  FT  7875. 

PEAK  DAY  GAS  CONSUME.,  1000  CU  FT  99. 

ELECTRICAL  CONSUMPTION,  KWH  305028. 

PEAK  KW  DEMAND  (15  MIN  BASIS)  396. 

PURCHASED  ELECTRIC  POWER 

ON-PEAK  CONSUMPTION  KWH  305028, 

ON-PEAK  KW  DEMAND  (15  MIN  BASIS)  396. 

MID-PEAK  CONSUMPTION  KWH  0. 

MID-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

OFF-PEAK  CONSUMPTION  KWH  0. 

OFF-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

GENERATED  ELECTRICAL  POWER  KWH  0. 

SOLD  ELECTRICAL  POWER  KWH  0. 

AUXILIARY  FUEL  CONSUMPTION  0, 

DIR.  PROC.  GAS  CONSUMP.,  1000  CF  0. 

CHILLER  OPERATING  HOURS 

CHILLER  1  1873 

CHILLER  2  1873 

BOILER  OPERATING  HOURS 

BOILER  1  1205 

BOILER  2  0 

RECOVERABLE  HEAT  USED,  MBTU  0. 

RECOVERABLE  HEAT  UNUSED,  MBTU  0. 


PAGE  NO. 


20 


**  TOTAL 
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PC-CUBE  VERSION  2.0.3 


PAGE  NO. 


8 


CENTRAL  PLANT  4701  CHILLER  ECO-2 

SYSTEM  Cl  NORMAL  HEATING  AND  COOLING 


FUEL  AND  POWER  CONSUMPTION  SYSTEM  Cl 

TOTAL  GAS  CONSUMP. ,  1000  CU  FT  7875. 

PEAK  DAY  GAS  CONSUME.,  1000  CU  FT  99. 

ELECTRICAL  CONSUMPTION,  KWH  127570. 

PEAK  KW  DEMAND  (15  MIN  BASIS)  430. 

PURCHASED  ELECTRIC  POWER 

ON-PEAK  CONSUMPTION  KWH  127570. 

ON-PEAK  KW  DEMAND  (15  MIN  BASIS)  430. 

MID-PEAK  CONSUMPTION  KWH  0. 

MID-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

OFF-PEAK  CONSUMPTION  KWH  0. 

OFF-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

GENERATED  ELECTRICAL  POWER  KWH  0. 

SOLD  ELECTRICAL  POWER  KWH  0. 

AUXILIARY  FUEL  CONSUMPTION  0. 

DIR.  PROC.  GAS  CONSUMP.,  1000  CF  0. 

CHILLER  OPERATING  HOURS 

CHILLER  1  1873 

CHILLER  2  87 

BOILER  OPERATING  HOURS 

BOILER  1  1205 

BOILER  2  0 

RECOVERABLE  HEAT  USED,  MBTU  0. 

RECOVERABLE  HEAT  UNUSED,  MBTU  0. 


**  TOTAL  ** 
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LIFE  CYCLE  COST  ANALYSIS  SUMMARY  STUDY:  C4701ECO 

ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP)  LCCID  1.035 

INSTALLATION  &  LOCATION:  FT.  SILL,  OKLAHOMA  REGION  NOS.  6  CENSUS:  3 
PROJECT  NO.  &  TITLE:  3002-000  ENERGY  SURVEY  OF  ARMY  BOILER/CHILLERS 
FISCAL  YEAR  1991  DISCRETE  PORTION  NAME:  CHILLER  OPTIMIZATION 
ANALYSIS  DATE:  04-08-91  ECONOMIC  LIFE  15  YEARS  PREPARED  BY:  KC 


1 .  INVESTMENT 

A.  CONSTRUCTION  COST 

B.  SIOH 

C.  DESIGN  COST 

D.  ENERGY  CREDIT  CALC  ( lA+lB+lC) X. 9 

E.  SALVAGE  VALUE  COST 

F.  TOTAL  INVESTMENT  (ID-IE) 

2.  ENERGY  SAVINGS  (+)  /  COST  (-) 

ANALYSIS  DATE  ANNUAL  SAVINGS,  UNIT  COST  &  DISCOUNTED  SAVINGS 


UNIT  COST 

SAVINGS 

ANNUAL  $ 

DISCOUNT 

DISCOUNTED 

FUEL 

$/MBTU(l) 

MBTU/YR(2) 

SAVINGS ( 3 ) 

FACTOR(4) 

SAVINGS(5) 

A. 

ELECT 

$  4.01 

608. 

$ 

2441. 

8.78 

21428. 

B. 

DIST 

$  .00 

0. 

$ 

0. 

12.34 

0. 

C. 

RESID 

$  .00 

0. 

$ 

0. 

12.05 

0. 

D, 

NAT  G 

$  2.92 

0. 

$ 

0. 

12.48 

0. 

E. 

COAL 

$  .00 

0. 

$ 

0. 

10.01 

0. 

F. 

TOTAL 

608. 

$ 

2441. 

$  21428. 

NON 

ENERGY 

SAVINGS (+)  / 

COST(-) 

A. 

ANNUAL 

RECURRING  (+/ 

$  -234. 

(1)  DISCOUNT  FACTOR 

(TABLE  A) 

9.11 

(2)  DISCOUNTED  SAVING/ COST  (3A  X 

3A1) 

$  -2132. 

C.  TOTAL  NON  ENERGY  DISCOUNTED  SAVINGS (+)  /COST(-)  (3A2+3Bd4)  $  -2132. 


D.  PROJECT  NON  ENERGY  QUALIFICATION  TEST 

(1)  25%  MAX  NON  ENERGY  CALC  (2F5  X  .33)  $  7071. 

A  IF  3D1  IS  =  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  =  ( 2F5+3D1 ) /IF) = 

C  IF  3D1B  IS  =  >  1  GO  TO  ITEM  4 

D  IF  3D1B  IS  <  1  PROJECT  DOES  NOT  QUALIFY 

4.  FIRST  YEAR  DOLLAR  SAVINGS  2F3+3A+(3B1D/ (YEARS  ECONOMIC  LIFE))  $  2207. 

5..  TOTAL  NET  DISCOUNTED  SAVINGS  (2F5+3C)  $  19296. 

6.  DISCOUNTED  SAVINGS  RATIO  (SIR)=(5  /  1F)=  1.20 

(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 

7.  SIMPLE  PAYBACK  PERIOD  (ESTIMATED)  SPB=lF/4  7.30 


$  16046. 

$  883. 

$  963. 

$  16103. 

-$  0. 

$  16103. 
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ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 
FT.  SILL,  OKLAHOMA 


CENTRAL  PLANT:  4701 

ENERGY  CONSERVATION  OPPORTUNITY:  ECO-  3 

SYSTEM  MODIFICATIOIN:  CHILLER  REPLACEMENT 
SYSTEMS  TO  MODIFY:  CHILLER  1  AND  2 


CALCULATION  DESCRIPTION: 

Two  PC-CUBE  program  computer  runs  are  compared  to  determine  the  energy  savings  for 
ECO -3,  renovate  or  replace  existing  chillers. 

The  first  computer  run  (Baseline)  is  a  simulation  of  the  existing  structure,  equipment,  and 
systems,  and  how  they  are  presently  operated.  The  second  computer  run  (ECO)  is  also  a 
simulation  of  the  existing  building  with  modifications  implemented  in  the  systems,  equipment, 
or  the  operation.  The  difference  in  the  totals  from  the  two  computer  runs  represents  the  savings. 


ANNUAL  UTILITY  SAVINGS 


PC  CUBE  RUN 

Electric 

Nat.  Gas 
(MMBtu) 

Total  Energy 
(MMBtu) 

Demand(kW) 

Energy(kWh) 

Baseline 

396 

306,000 

— 

1,044 

ECO 

283 

180,000 

— 

614 

Savings  (Baseline -ECO) 

113 

126.000 

0 

430 

NOTE:  The  savings  for  this  ECO  did  not  consider  any  interrelated  savings  with  other 

ECOs  identified  as  economically  feasible. 


ENERGY  COST  SAVINGS: 

Electricity: 

Nat.  Gas: 

Total  Energy  Cost  Savings: 


430  MMBtu/Yr  X 

0  MMBtu/Yr  X 

$1,726  + 


$4.0141  /MMBtu  = 
$2.92/MMBtu  = 

$0 


NON -ENERGY  SAVINGS  (+).  COST  (-): 

Demand:  113kW/month  X  $1.787/kW  X 

=  (+)  $2,423  per  year 

Maintenance:  =  (-)  $3,000  per  year 


$1 ,726  per  year 
$0  per  year 
$1,726  per  year 

12  months/year 


Total: 


$2,423 


$3,000 


($577)  per  year 


tECO-SHT.WK31 
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PC’CUBE  VERSION  2.0.3 


PAGE  NO.  20 


CENTRAL  PLANT  4701  BASELINE- 1 

SYSTEM  Cl  NORMAL  HEATING  AND  COOLING 

FUEL  AND  POWER  CONSUMPTION 

TOTAL  GAS  CONSUME.,  1000  CU  FT 
PEAK  DAY  GAS  CONSUME.,  1000  CU  FT 

ELECTRICAL  CONSUMPTION,  KWH 
PEAK  KW  DEMAND  (15  MIN  BASIS) 

PURCHASED  ELECTRIC  POWER 
ON-PEAK  CONSUMPTION  KWH 
ON-PEAK  KW  DEMAND  (15  MIN  BASIS) 

MID-PEAK  CONSUMPTION  KWH 
MID-PEAK  KW  DEMAND  (15  MIN  BASIS) 

OFF-PEAK  CONSUMPTION  KWH 
OFF-PEAK  KW  DEMAND  (15  MIN  BASIS) 
GENERATED  ELECTRICAL  POWER  KWH 
SOLD  ELECTRICAL  POWER  KWH 

AUXILIARY  FUEL  CONSUMPTION 

DIR.  PROC.  GAS  CONSUMP.,  1000  CF 
CHILLER  OPERATING  HOURS 
CHILLER  1 
CHILLER  2 

BOILER  OPERATING  HOURS 
BOILER  1 
BOILER  2 

RECOVERABLE  HEAT  USED,  MBTU 
RECOVERABLE  HEAT  UNUSED,  MBTU 


**  TOTAL  ** 


SYSTEM  Cl 

7875. 

99. 

305028. 

396. 

305028. 

396. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

1873 

1873 

1205 

0 

0. 

0. 
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LIFE  CYCLE  COST  ANALYSIS  SUMMARY  STUDY;  C4701EC3 

ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP)  LCCID  1.035 

INSTALLATION  &  LOCATION;  FT.  SILL,  OKLAHOMA  REGION  NOS.  6  CENSUS:  3 
PROJECT  NO.  &  TITLE:  3002-000  ENERGY  STUDY  ARMY  BOILER/CHILLERS 
FISCAL  YEAR  1991  DISCRETE  PORTION  NAME:  CHILLER  REPLACEMENT 
ANALYSIS  DATE:  04-09-91  ECONOMIC  LIFE  25  YEARS  PREPARED  BY:  KC 

1 .  INVESTMENT 


A. 

CONSTRUCTION  COST 

$ 

206932. 

B. 

SIOH 

$ 

11382. 

C. 

DESIGN 

COST 

$ 

12416. 

D. 

ENERGY 

CREDIT  CALC  i 

(1A+1B+1C)X.9 

$ 

207657. 

E. 

SALVAGE 

VALUE  COST 

-$ 

0. 

F. 

TOTAL  INVESTMENT  (ID-IE) 

$ 

207657. 

ENERGY  SAVINGS  (+)  /  COST  (-) 

ANALYSIS  DATE  ANNUAL  SAVINGS,  UNIT 

COST  & 

DISCOUNTED  SAVINGS 

UNIT  COST 

SAVINGS 

ANNUAL  $ 

DISCOUNT 

DISCOUNTED 

FUEL 

$/MBTU(l) 

MBTU/YR(2) 

SAVINGS ( 3 ) 

FACTOR(4) 

SAVINGS ( 5 ) 

A. 

ELECT 

$  4.01 

430. 

$ 

1726. 

11.37 

19627. 

B. 

DIST 

$  .00 

0. 

$ 

0. 

17.06 

0. 

C. 

RESID 

$  .00 

0. 

$ 

0. 

16.85 

0. 

D* 

NAT  G 

$  2.92 

0. 

$ 

0. 

17.52 

0. 

E* 

COAL 

$  .00 

0. 

$ 

0. 

13.34 

0. 

F. 

TOTAL 

430. 

$ 

1726. 

$ 

19627. 

NON  ENERGY 

SAVINGS (+)  /  COST(-) 

A. 

ANNUAL 

RECURRING  (+/-) 

$ 

-577. 

(1)  DISCOUNT  FACTOR  (TABLE  A) 

11.65 

(2)  DISCOUNTED  SAVING/COST  (3A 

X  3A1) 

$ 

-6722. 

C. 

TOTAL  NON  ENERGY  DISCOUNTED  SAVINGS (+) 

/COST(-) 

(3A2+3Bd4) 

$ 

-6722. 

D.  PROJECT  NON  ENERGY  QUALIFICATION  TEST 

(1)  25%  MAX  NON  ENERGY  CALC  (2F5  X  .33)  $  6477. 

A  IF  3D1  IS  =  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  =  (2F5+3D1)/1F)= 

C  IF  3D1B  IS  =  >  1  GO  TO  ITEM  4 

D  IF  3D1B  IS  <  1  PROJECT  DOES  NOT  QUALIFY 

4.  FIRST  YEAR  DOLLAR  SAVINGS  2F3+3A+(3B1D/ (YEARS  ECONOMIC  LIFE))  $  1149. 

5.  TOTAL  NET  DISCOUNTED  SAVINGS  (2F5+3C)  $  12905. 

6.  DISCOUNTED  SAVINGS  RATIO  (SIR)=(5  /  1F)=  .06 

(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 

7.  SIMPLE  PAYBACK  PERIOD  (ESTIMATED)  SPB=lF/4  180.69 


D-4701-17 


ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 
FT.  SILL,  OKLAHOMA 

CENTRAL  PLANT:  4701 

ENERGY  CONSERVATION  OPPORTUNITY:  ECO-  4 

SYSTEM  MODIFICATION:  INSTALL  ICE  STORAGE  COOLING  SYSTEM 
SYSTEMS  TO  MODIFY: 


CALCULATION  DESCRIPTION: 

Hand  calculation  sheet  was  prepared  to  determine  the  energy  savings  for 
ECO -4,  install  ice  storage  system  for  HVAC  cooling. 

It  was  estimated  that  the  peak  electrical  demand  can  be  saved  by  installing  ice  storage 
cooling  system. 


ANNUAL  UTILITY  SAVINGS 


1  Electric 

Nat.  Gas 

Total  Energy 

PC  CUBE  RUN 

Demand(kW) 

Energy(kWh) 

(MMBtu) 

(MMBtu) 

Baseline 

— 

— 

— 

0 

ECO 

— 

— 

— 

0 

Savings  fBaseline-ECO) 

583 

0 

0 

0 

NOTE:  The  savings  for  this  ECO  did  not  consider  any  interrelated  savings  with  other 

ECOs  identified  as  economically  feasible. 


ENERGY  COST  SAVINGS: 


Electricity: 

0  MMBtuA'r 

X 

$4.0141  /MMBtu  = 

Nat.  Gas; 

0  MMBtuA'r 

X 

$2.92 /MMBtu  = 

Total  Energy  Cost  Savings: 

NON -ENERGY  SAVINGS  (+),  COST  (-): 

$0  + 

$0 

Demand: 

583  kW/month 

X 

$1.787/kW  X 

$0  per  year 
$0  per  year 
$0  per  year 


12  months/year 


Maintenance: 

Total: 


(+)  $12,502  per  year 

(-)  $0  per  year 

$12,502  -  $0  =  $12,502  per  year 


[ECO-SHT.WK31 
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A  new  application  of  an  old  idea  that  can 
cut  air  conditioning  energy  costs  in  half. 


Air  conditioning  during  summer  daytime  hours 
is  the  largest  single  contributor  to  utility 
“peak  demand”  charges.  After  noon,  as  more  air 
conditioners  are  needed  to  maintain  comfortable 
temperatures,  the  increased  demand  for  electricity 
adds  to  that  already  created  by  lighting,  operating 
equipment,  computers  and  thousands  of  other 
uses.  This  requires  the  utility  to  bring  additional, 
more  costly  generating  sources  on  line  to  handle 
its  increased  demand.  Commercial  users  whose 
large  air  conditioning  loads  contribute  to  these 
added  generating  requirements  are  assessed  an 
additional  charge  based  on  their  highest  on-peak 
demand  for  electricity. 

An  Ice  Bank  Stored  Cooling  System  is  either  a 
load-shifting  or  load-leveling  method  which  will 
significantly  lower  demand  charges  during  the 
air  conditioning  season  and,  consequently, 
energy  costs.  It  uses  a  standard  packaged  chiller 
to  produce  solid  ice  at  night  during  off-peak 
periods  when  the  building’s  electrical  needs  are 
at  a  minimum.  The  ice  is  built  and  stored  in 
modular  ice  tanks  to  provide  cooling  to  help  meet 
the  building’s  air  conditioning  load  requirement 
the  following  day. 


Making  ice  at  night  and  using  its  stored  energy 
during  the  day  is  not  a  new  or  experimental  idea. 
This  concept  had  been  employed  for  years  in 
cooling  short-peak  applications  such  as  churches 
and  theatres.  However,  longer  peak  uses  were 
served  by  air-source  rooftop  and  chiller-type 
air  conditioners  which  were  less  costly  to  install. 
Now  there  is  renewed  interest  in  a  broad  use  of 
ice-making  systems  by  both  users  and  utilities 
as  the  best  way  to  offset  rising  operating  costs. 

In  fact.  Stored  Cooling  Systems  are  what  summer- 
peaking  utilities  must  have  to  avoid  the  unbearable 
costs  of  new  generating  plants. 

Ice  Banks  not  only  can  cut  operating  costs  in  half 
but  they  can  also  substantially  reduce  capital 
outlays  when  systems  are  suitably  designed  for 
new  commercial  and  industrial  buildings. 
Engineers  can  specify  half-size  chillers  operating 
24  hours  a  day  rather  than  full-size  chillers 
operating  only  10  or  12  hours  per  day.  In  retrofit 
applications,  an  Ice  Bank  Stored  Cooling  System 
can  often  provide  cooling  for  an  addition  to  a 
building  without  adding  chiller  capacity. 
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How  the  LtVLUAD  System  Works 


The  LEVLCAD  Ice  Bank  is  a  modular,  insulated  polyethylene 
tank  containing  a  spiral-wound  plastic  tube  heat  exchanger 
surrounded  with  water.  They  are  available  in  four  sizes -90, 
100, 190  and  570  ton-hours.  At  night  a  75  percent  water - 
25  percent  glycol  solution  from  a  standard  packaged  air 
conditioning  chiller  circulates  through  the  heat  exchanger 
and  extracts  heat  until  eventually  all  the  water  in  the  tank 
is  frozen  solid.  The  ice  is  built  uniformly  throughout  the  tank 
by  the  patented  temperature-averaging  effect  of  closely 
spaced  counterflow  heat  exchanger  tubes,  Figure  5.  Water 
does  not  become  surrounded  by  ice  during  the  freezing 
process  and  can  move  freely  as  ice  forms,  preventing 
stress  or  damage  to  the  tank. 


Typical  flow  diagrams  for  a  Partial  Storage  System  are 
shown  in  Figures  6  and  7. 

At  night,  the  water-glycol  solution  circulates  through  the 
chiller  and  the  Ice  Bank  heat  exchanger,  bypassing  the 
air  handler  coil.  The  fluid  is  at  26F  and  freezes  the  water 
surrounding  the  heat  exchanger. 

During  the  day,  the  solution  is  cooled  by  the  Ice  Bank  from 
52F  to  34F  A  temperature  modulating  valve  set  at  44F  in  a 
bypass  loop  around  the  Ice  Bank  permits  a  sufficient  quantity 
of  52F  fluid  to  bypass  the  Ice  Bank,  mix  with  the  34F  fluid, 
and  achieve  the  desired  44F  temperature.  The  44F  fluid 
enters  the  coll,  where  it  cools  air  from  75F  to  55F.  The  fluid 
leaves  the  coil  at  60Fi  enters  the  chiller  and  is  cooled  to  52R 

It  should  be  noted  that,  while  making  ice  at  night,  the 
chiller  must  cool  the  water-glycol  solution  to  26^  rather 
than  produce  44  or  45F  water  temperatures  required  for 
conventional  air  conditioning  systems.  This  has  the  effect 
of  “derating”  the  nominal  chiller  capacity  by  approximately 
30  percent.  Compressor  efficiency,  however,  is  only  slightly 
reduced  because  lower  nighttime  temperatures  result  in 
cooler  condenser  water  from  the  cooling  tower  and  help 
keep  the  unit  operating  efficiently.  Similarly,  air  cooled 
chillers  benefit  from  cooler  condenser  entering  air 
temperatures  at  night. 

The  temperature  modulating  valve  in  the  bypass  loop  has 
the  added  advantage  of  providing  unlimited  capacity 
control.  During  many  mild  temperature  days  in  the  spring 
and  fall,  the  chiller  will  be  capable  of  providing  all  the 
necessary  cooling  for  the  building  without  assistance  from 
stored  cooling.  When  the  building’s  actual  cooling  load  is 
equal  to  or  lower  than  the  chiller  capacity,  all  of  the  system 
coolant  flows  through  the  bypass  loop,  as  in  Figure  8. 
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The  glycol  recommended  for  the  solution  is  an  ethylene 
glycol-based  industrial  coolant  such  as  Dow  Chemical 
Company’s  Dowtherm®  SR-1  or  Union  Carbide  Corporation’s 
UCARTHERMf  which  are  specially  formulated  for  low 
viscosity  and  superior  heat  transfer  properties.  These  contain 
a  multi-component  corrosion  inhibitor  system  which  is 
effective  with  most  materials  of  construction,  including 
aluminum,  copper,  solder  and  plastics.  Unlike  automotive- 
type  anti-freeze,  they  produce  no  films  and  contain  no 
anti-leak  agents  to  interfere  with  heat  transfer  efficiency 
and  permit  use  of  standard  system  pumps,  seals  and  air 
handler  coils.  However,  because  of  the  slight  difference  in 
heat  transfer  coefficient  between  water-glycol  and  plain 
water,  coil  capacity  should  be  increased  by  approximately 
5  percent.  It  is  also  important  that  the  water  and  glycol  be 
thoroughly  mixed  before  the  solution  enters  the  system. 
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LIFE  CYCLE  COST  ANALYSIS  SUMMARY  STUDY:  4701EC4 

ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP)  LCCID  1.035 

INSTALLATION  &  LOCATION:  FT.  SILL,  OKLAHOMA  REGION  NOS.  6  CENSUS:  3 

PROJECT  NO.  &  TITLE:  3002-000  ENERGY  STUDY  ARMY  BOILER/ CHILLERS 
FISCAL  YEAR  1991  DISCRETE  PORTION  NAME:  ICE  STORAGE  COOLING  SYSTEM 
ANALYSIS  DATE:  04-18-91  ECONOMIC  LIFE  25  YEARS  PREPARED  BY:  KC 

1 .  INVESTMENT 

A.  CONSTRUCTION  COST 

B.  SIOH 

C.  DESIGN  COST 

D.  ENERGY  CREDIT  CALC  ( 1A+1B+1C)X. 9 

E.  SALVAGE  VALUE  COST 

F.  TOTAL  INVESTMENT  (ID-IE) 

2.  ENERGY  SAVINGS  (+)  /  COST  (-) 

ANALYSIS  DATE  ANNUAL  SAVINGS,  UNIT  COST  &  DISCOUNTED  SAVINGS 


UNIT  COST  SAVINGS 

ANNUAL 

$ 

DISCOUNT 

DISCOUNTED 

FUEL 

$/MBTU(l)  MBTU/YR(2) 

SAVINGS ( 3 ) 

FACTOR(4) 

SAVINGS ( 5 ) 

A. 

ELECT 

$  4.01  0. 

$ 

0. 

11.37 

0. 

B. 

DIST 

$  .00  0. 

$ 

0. 

17.06 

0. 

C. 

RESID 

$  .00  0. 

$ 

0. 

16.85 

0. 

D. 

NAT  G 

$  2.92  0. 

$ 

0. 

17.52 

0. 

E. 

COAL 

$  .00  0. 

$ 

0. 

13.34 

0. 

F. 

TOTAL 

0. 

$ 

0. 

$  0. 

NON 

ENERGY 

SAVINGS (+)  /  COST(-) 

A. 

ANNUAL 

RECURRING  (+/-) 

$  12502. 

(1)  DISCOUNT  FACTOR  (TABLE  A) 

(2)  DISCOUNTED  SAVING/COST  (3A  X 

3A1) 

11.65 

$  145648. 

C.  TOTAL  NON  ENERGY  DISCOUNTED  SAVINGS(+)  /COST(-)  (3A2+3Bd4)  $  145648. 


D.  PROJECT  NON  ENERGY  QUTUlilFICATION  TEST 

(1)  25%  MAX  NON  ENERGY  CALC  (2F5  X  .33)  $ 

A  IF  3D1  IS  =  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  =  (2F5+3D1)/1F) 

C  IF  3D1B  IS  =  >  1  GO  TO  ITEM  4 

D  IF  3D1B  IS  <  1  PROJECT  DOES  NOT  QUALIFY 

4.  FIRST  YEAR  DOLLAR  SAVINGS  2F3+3A+(3B1D/ (YEARS  ECONOMIC  LIFE))  $  12502. 

5.  TOTAL  NET  DISCOUNTED  SAVINGS  (2F5+3C)  $  145648. 

6.  DISCOUNTED  SAVINGS  RATIO  (SIR)=(5  /  1F)=  1.10 

(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 

****  Project  does  not  qualify  for  ECIP  funding;  4,5,6  for  information  only. 

7.  SIMPLE  PAYBACK  PERIOD  (ESTIMATED)  SPB=lF/4  10.60 


$  132000. 

$  7260. 

$  7920. 

$  132462. 

-$  0. 

$  132462. 
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ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 
FT.  SILL,  OKLAHOMA 

CENTRAL  PLANT:  4701 

ENERGY  CONSERVATION  OPPORTUNITY:  ECO-  5(B) 

SYSTEM  MODIFICATION:  VARIABLE  SPEED  DRIVE  FOR  COOLING  TOWER 
SYSTEMS  TO  MODIFY:  COOLING  TOWER 


CALCULATION  DESCRIPTION: 

Two  spread  sheets  are  compared  to  determine  the  energy  savings  for 
ECO-5,  install  two-speed  (5A)  or  variable  speed  (5B)  motors  for  cooling  tower. 

The  spread  sheets  is  a  simulation  of  the  existing  structure,  equipment,  and 

systems,  and  how  they  are  presently  operated.  The  spread  sheets  is  also  a 

simulation  of  the  existing  building  with  modifications  implemented  in  the  systems,  equipment, 

or  the  operation.  The  difference  in  the  totals  from  the  spread  sheets  represents  the  savings. 


ANNUAL  UTILITY  SAVINGS 


Electric 

Nat.  Gas 

Total  Energy 

PC  CUBE  RUN 

Demand(kW) 

EneravfkWh) 

(MMBtu) 

(MMBtu) 

Baseline 

— 

29,264 

— 

100 

ECO 

— 

11,811 

— 

40 

Savings  fBase  line -ECO) 

0 

17.453 

0 

60 

NOTE:  The  savings  for  this  ECO  did  not  consider  any  interrelated  savings  with  other 

ECOs  identified  as  economically  feasible. 


ENERGY  COST  SAVINGS: 

Electricity;  60  MMBtu/Yr  X  $4.0141 /MMBtu  =  $239  per  year 

Nat.  Gas:  0  MMBtu/Yr  X  $2.92  /MMBtu  =  $0  per  year 

Total  Energy  Cost  Savings:  $239  +  $0  =  $239  per  year 

NON -ENERGY  SAVINGS  (+),  COST  (-): 

Demand:  0  kW/month  X  $1.787/kW  X  12  months/year 

=  (+)  $0  per  year 

Maintenance;  =  (-)  $1,013  per  year 

Total:  $0  -  $1,013  =  ($1,013)  per  year 


[ECO-SHT.WK3) 
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Two-speed  cooling  tower  and  variable  speed  cooling  tower  calculation  description: 

1.  The  design  conditions  were  taken  from  the  original  design  documents,  including  wet 
bulb  temperatures,  condenser  water  flow,  and  condenser  supply  and  return 
temperatures. 

2.  Based  on  an  assumed  liquid  to  gas  ratio,  the  delta  enthalpy  was  calculated  for  entering 
air  versus  leaving  air  conditions.  The  final  total  enthalpy  of  the  leaving  air  was 
calculated  based  on  the  design  entering  air  enthalpy  plus  the  delta  enthalpy. 

3.  The  fan  motor  kW  is  based  on  field  measurements. 

4.  The  "WET  BULB  AVERAGES"  are  the  wet  bulb  temperatures  calculated  for  4  hour  bins, 
for  each  cooling  month,  from  ASHRAE  weather  data  for  Oklahoma  City,  Oklahoma 
(part  1). 

5.  The  "ENTHALPY  FOR  AVERAGE  WET  BULBS"  are  the  enthalpy  for  each  of  the  wet- 
bulb  (part  1.),  determined  from  look-up  tables  (part  2). 

6.  The  "COOLING  PROFILE  OF  CENTRAL  PLANTS,"  is  the  average  %  load  estimated  for 
the  chiller  plant,  for  the  time  bins  (part  3).  Note  there  is  0%  load  for  those  hours  when 
the  chiller  is  assumed  to  be  off. 

The  "PEAK  LOAD"  per  month  is  the  estimated  peak  hourly  load  (part  3,  last  column). 

7.  The  "RATIO  OF  AVERAGE  MONTHLY  ENTHALPY  TO  DESIGN  ENTHALPY"  for  time 
bins  (part  4)  = 

(Total  exit  air  design  enthalpy  minus  average  monthly  enthalpy,  part  2)  /  (entering  air 
design  enthalpy) 

The  "DAYS  PER  MONTH  OPER."  is  the  total  days  per  month  the  cooling  tower 
operates  (part  4,  last  columm). 

8.  The  "%  DESIGN  LOAD"  on  tower  for  time  bins  (part  5)  = 

(%  load  on  plant,  part  3  *  monthly  peak  load,  part  3)  /  (  Highest  monthly  peak  load, 
part  3)  *  ( 1  /  ratio  of  monthly  enthalpy,  part  4) 

9.  For  a  single  speed  cooling  tower  fan  the  energy  usage  (kWh)  is  based  on  the  idea  that 
the  tower  fan  cycle  in  direct  proportion  to  the  %  design  load  on  the  tower,  (part  6)  = 

kWh  per  bin  =  (total  fan  power  kW)  *  (%  design  load,  part  5*4  hours  per  bin  *  days 
per  month) 

Total  kWh  =  sum  of  all  kWh  bins 
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10  For  a  two-speed  coolmg  tower  fan  the  energy  usage  (kWh)  is  based  on  the  premise  that 
when  a  tower  ceU  is  at  less  than  50%  of  its  design  load,  it  operates  at  half  speed.  A  fan 
rurming  at  half  speed  uses  14%  of  the  maximum  power  input.  The  calculations  take 
into  account  multi-cell  towers  (part  7).  The  control  sequence  is: 


0-25%  load,  fan  1,  half  speed  cycling. 

25-50%  load,  fan  1  half  speed  running,  fan  2  half  speed  cycling: 
50-75%  load,  fan  1  full  speed  cycling,  fan  2  half  speed  running. 
75-100%  load,  fan  1  full  speed  running,  fan  2  full  speed  cycling. 


kWh  per  bin,  for  %  design  loads  less  than  25%  load  -  (fan  1  power  kW)  *  14% 
(%design  load  /  25)  M  hours  per  bin  *  days  per  month. 


kWh  per  bin,  for  %  design  loads  25%  to  50%  load  =  (fan  1  j^wer  kW  *14%  *  4  hours 
per  bin  ♦  days  per  month )  •  (  to  2  '‘W  *  14%  *  ((%  -  25  V  25)  4 

hours  per  bin  *  days  per  month  ) 


kWh  per  bin,  for  %  design  loads  50%  to  75%  load  =  (fan  2  power  kW  1  % 
per  bin  *  days  per  month  )  *  (  fan  1  power  kW  *  ((%  design  load  -  50  )/  25) 
per  bin  days  per  month  ) 


*  4  hours 

*  4  hours 


kWh  per  bin,  for  %  design  loads  75%  to  100%  load  -  (  fan  ^ 

bin  *  days  per  month )  +  ( fan  2  power  kW  ((%  design  load  -  75 )/  25) 

bin  *  days  per  month  ) 


*  4  hours  per 

*  4  hours  per 


kWh  total  =  sum  of  all  kWh  bins 


11. 


:or  a  variable  speed  cooling  tower  fan  the  energy  usage  (kWh)  is  based 
hat  the  tower  fan  percent  air  volume  is  directly  proportional  to  the  percent  load  on  th 
looling  tower;  and  the  fan  energy  is  proportational  to  the  cube  of  the  air  volume.  Th 
:alculations  take  into  account  multi-cell  towers  (part  8): 


kWh  per  bin,  for  0  to  100%  load  =  ( total  fan  power  kW)  *  ((%  design  load)'  /  80% 
efficiency  )  *  4  hours  per  bin  *  days  per  month. 


kWh  total  =  sum  of  aU  kWh  bins 
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CENTRAL  PLANT  4701 

DESIGN  CONDITIONS 

-  WBT  (DB,  DEG  F) 

78 

-  WATER  FLOW  (gpm) 

1650 

-  CNWR  (DEG  R 

95 

-  CNWS  (DEG  R 

85 

ASSUMPTION  LIQUID  TO  GAS  RATIO 

2 

-  AIR  FLOW  (LBS/MIN) 

6847.5 

HEAT  REJECTION  CAPACITY  (Btu/min) 

136950 

DELTA  ENTHALPY  (Btu/lb) 

20 

DESIGN  ENTHALPY  (Btu/lb) 

41.58 

TOTAL  ENTHALPY 

61.58 

EXIT  AIR  WB  (LOOK  UP) 

93.9 

SPECIFIC  VOLUME  OF  EXIT  AIR  (LOOK  UP) 

15.1 

100%  DESIGN  CFM  @  WB 

103397 

MOTOR  DATA 

-  FAN  1  POWER  (kW) 

10.5 

-  FAN  2  POWER  (kW) 

10.5 

-  FAN  3  POWER  (kW) 

12.0 

-  FAN  4  POWER  (kW) 

12.0 

ASHRAE  WEATHER  DATA  -  OKLAHOMA  CITY,  OKLAHOMA 


WET- BULB  AVERAGES  ( 

4  hour  bins) 

DESIGN 

1-4 

5-8 

9-12 

13-16 

17-20 

21  -24 

WB 

APRIL 

48.6 

47.8 

52.2 

55.6 

54.6 

51.4 

78 

MAY 

57.1 

56.6 

61.2 

63.9 

63 

59.4 

78 

JUNE 

66.8 

66.6 

69.9 

71 

70.5 

68.2 

78 

JULY 

70.8 

70.9 

74.5 

76 

74.9 

72.6 

78 

AUGUST 

66.9 

67 

71 

72 

71 

68.5 

78 

SEPTEMBER 

65.1 

64.9 

67.8 

68.9 

67.4 

65.6 

78 

OCTOBER 

51.2 

50.4 

55.1 

57.5 

55.2 

52.5 

78 
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ENTHALPY  FOR  AVERAGE  WET-  BULBS  I 

DESIGN 

ENTHALPY 

1-4 

5-8 

9-12 

13-16 

17-20 

21-24 

APRIL 

19.64 

19.11 

21.55 

23.58 

22.98 

21.09 

41.58 

MAY 

24.53 

24.21 

27.28 

29.23 

28.57 

26.06 

41.58 

JUNE 

31.47 

31.31 

34.01 

34.95 

34.51 

32.59 

41.58 

JULY 

34.77 

34.86 

38.14 

39.57 

38.52 

36.37 

41.58 

AUGUST 

31.54 

31.62 

34.95 

35.83 

34.95 

32.84 

41.58 

SEPTEMBER 

30.13 

29.98 

32.25 

33.09 

31.93 

30.52 

41.58 

OCTOBER 

20.98 

20.53 

23.28 

24.72 

23.34 

21.72 

41.58 

_ . _  _  ^ 

PEAK 

LOAD 

COOLING  PROFILE  OF  C 

ENTRAL  PLANTS 

1-4 

5-8 

9-12 

13-16 

17-20 

21-24 

(Btuh) 

APRIL 

0 

0 

0 

0 

0 

0 

0 

MAY 

0 

0.9 

0.6 

0.8 

0 

0 

1465000 

JUNE 

0 

0.9 

0.6 

0.8 

0 

0 

4316000 

JULY 

0 

0.9 

0.6 

0.8 

0 

0 

4316000 

AUGUST 

0 

0.9 

0.6 

0.8 

0 

0 

4316000 

SEPTEMBER 

0 

0.9 

0.6 

0.8 

0 

0 

4316000 

OCTOBER 

0 

0 

0 

0 

0 

0 

0 

RATIO  OF  MONTHLY  ENl 

rHALPYTO  DESIGN  ENTHALPY 

DAYS  PER 
MONTH  OPER. 

1-4 

5-8 

9-12 

13-16 

17-20 

21  -24 

APRIL 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

22 

MAY 

1.9 

1.9 

1.7 

1.6 

1.7 

1.8 

23 

JUNE 

1.5 

1.5 

1.4 

1.3 

1.4 

1.4 

22 

JULY 

1.3 

1.3 

1.2 

1.1 

1.2 

1.3 

23 

AUGUST 

1.5 

1.5 

1.3 

1.3 

1.3 

1.4 

23 

SEPTEMBER 

1.6 

1.6 

1.5 

1.4 

1.5 

1.6 

22 

OCTOBER 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

23 

D-4701-26 


%  DESIGN  LOAD  1 

DAYS  PER 

1-4 

5-8 

9-12 

13-16 

17-20 

21-24 

MONTH  OPER. 

APRIL 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

22 

MAY 

0.0 

16.3 

11.9 

16.8 

0.0 

0.0 

23 

JUNE 

0.0 

59.5 

43.5 

60.1 

0.0 

0.0 

22 

JULY 

0.0 

67.4 

51.2 

72.7 

0.0 

0.0 

23 

AUGUST 

0.0 

60.1 

45.1 

62.1 

0.0 

0.0 

23 

SEPTEMBER 

0.0 

57.0 

40.9 

56.2 

0.0 

0.0 

22 

OCTOBER 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

23 

SINGLE  SPE 

ED  CONTROL  (kWh) 

DAYS  PER 
WONTH  OPER. 

1-4 

5-8 

9-12 

13-16 

17-20 

21-24 

APRIL 

0 

0 

0 

0 

0 

0 

23 

MAY 

0 

677 

492 

695 

0 

0 

22 

JUNE 

0 

2355 

1724 

2379 

0 

0 

23 

JULY 

0 

2789 

2119 

3010 

0 

0 

23 

AUGUST 

0 

2487 

1866 

2572 

0 

0 

22 

SEPTEMBER 

0 

2256 

1620 

2224 

0 

0 

23 

OCTOBER 

0 

0 

0 

0 

0 

0 

0 

TOTAL 

0 

10564 

7820 

10880 

0 

0 

29264 

VARIABLE  S 

PEED  COOLING  TOWER  CYCLING  (kWh) 

TOTAL 

(kWh) 

1-4 

5-8 

9-12 

13-16 

17-20 

21  -24 

APRIL 

0 

0 

0 

0 

0 

0 

MAY 

0 

23 

9 

24 

0 

0 

JUNE 

0 

1041 

408 

1074 

0 

0 

JULY 

0 

1582 

694 

1988 

0 

0 

AUGUST 

0 

1122 

474 

1241 

0 

0 

SEPTEMBER 

0 

915 

339 

877 

0 

0 

OCTOBER 

0 

0 

0 

0 

0 

0 

TOTAL 

0 

4683 

1924 

5204 

0 

0 

11811 
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COST  ESTIMATE  ANALYSIS  INVITATION  NO./CONTRACT  NO.  EFFECTIVE  PRICING  DATE  PREPARED 

_ _ _ DACA59~90-C-0087  _ DATE  APR.  91 _ 08-Apr-91 

PROJECT  ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER _  _  CODE  a|  X  |  CODE  b|  |  CODE  C  DRAWING  NO.  SHT  OF 

LOCATION  FT.  SILL,  OKLAHOMA  Lj  OTHER  _ _ 

ESTIMATOR  KC  CHECKED  BY  CEL 
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LIFE  CYCLE  COST  ANALYSIS  SUMMARY  STUDY:  4701EC5B 

ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP)  LCCID  1.035 

INSTALLATION  &  LOCATION:  FT.  SILL,  OKLAHOMA  REGION  NOS.  6  CENSUS:  3 
PROJECT  NO.  &  TITLE:  3002-000  ENERGY  SURVEY  OF  ARMY  BOILER/ CHILLERS 
FISCAL  YEAR  1991  DISCRETE  PORTION  NAME:  TWO  SPEED  COOLING  TOWER 
ANALYSIS  DATE:  04-11-91  ECONOMIC  LIFE  25  YEARS  PREPARED  BY:  KC 


1 .  INVESTMENT 

A.  CONSTRUCTION  COST  $ 

B.  SIOH  $ 

C.  DESIGN  COST  $ 

D.  ENERGY  CREDIT  CALC  ( lA+lB+lC) X . 9  $ 

E.  SALVAGE  VALUE  COST  -$ 

F.  TOTAL  INVESTMENT  (ID-IE)  $ 


2.  ENERGY  SAVINGS  (+)  /  COST  (-) 

ANALYSIS  DATE  ANNUAL  SAVINGS,  UNIT  COST  &  DISCOUNTED  SAVINGS 


16880. 

929. 

1013. 

16940. 

0. 

16940. 


FUEL 

A.  ELECT 

B.  DIST 

C.  RESID 

D .  NAT  G 

E .  COAL 


UNIT  COST 
$/MBTU(l) 

$  4.01 
$  .00 
$  .00 
$  2.92 
$  .00 


SAVINGS 

MBTU/YR(2) 

60. 

0. 

0. 

0. 

0. 


ANNUAL  $ 
SAVINGS ( 3 ) 

$  239. 

$  0. 

$  0. 

$  0. 

$  0. 


DISCOUNT 

FACTOR(4) 

11.37 

17.06 

16.85 

17.52 

13.34 


DISCOUNTED 
SAVINGS ( 5 ) 

2719. 

0. 

0. 

0. 

0. 


F.  TOTAL  60.  $  239. 

3.  NON  ENERGY  SAVINGS (+)  /  COST(-) 

A.  ANNUAL  RECURRING  (+/-) 

(1)  DISCOUNT  FACTOR  (TABLE  A) 

(2)  DISCOUNTED  SAVING/COST  (3A  X  3A1) 


11.65 


$ 


$ 

$ 


C.  TOTAL  NON  ENERGY  DISCOUNTED  SAVINGS (+)  /COST(-)  (3A2+3Bd4)  $ 


2719. 

-1013. 

-11801. 

-11801. 


D.  PROJECT  NON  ENERGY  QUALIFICATION  TEST 

(1)  25%  MAX  NON  ENERGY  CALC  (2F5  X  .33)  $  897. 

A  IF  3D1  IS  =  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  =  ( 2F5+3D1 ) /IF) =  _ 

C  IF  3D1B  IS  =  >  1  GO  TO  ITEM  4 

D  IF  3D1B  IS  <  1  PROJECT  DOES  NOT  QUALIFY 

4.  FIRST  YEAR  DOLLAR  SAVINGS  2F3+3A+ ( 3B1D/ (YEARS  ECONOMIC  LIFE))  $  -774. 

5.  TOTAL  NET  DISCOUNTED  SAVINGS  (2F5+3C)  $  -9083. 

6.  DISCOUNTED  SAVINGS  RATIO  (SIR)=(5  /  1F)=  -.54 

(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 

7.  SIMPLE  PAYBACK  PERIOD  (ESTIMATED)  SPB=lF/4  -21.89 
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ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 
FT.  SILL,  OKLAHOMA 

CENTRAL  PLANT:  4701 

ENERGY  CONSERVATION  OPPORTUNITY:  ECO-  6 

SYSTEM  MODIFICATION:  HIGH  EFFICIENCY  MOTOR  REPLACEMENT 
SYSTEMS  TO  MODIFY:  PUMP  &  COOLING  TOWER  MOTORS 


CALCULARON  DESCRIPRON: 

Analysis  spread  sheet  was  prepared  to  determine  the  energy  savings  for 
ECO -6,  install  high  efficiency  motors. 

It  was  estimated  that  the  electrical  energy  can  be  saved  by  installing  high  efficiency 
motors  based  on  the  motor  operating  hours  per  year. 


ANNUAL  UTILITY  SAVINGS 


Electric 

Nat.  Gas 

Total  Energy 

PC  CUBE  RUN 

Demand(kW) 

Energy(kWh) 

(MMBtu) 

(MMBtu) 

Baseline 

— 

— 

— 

0 

ECO 

— 

— 

— 

0 

Savinas  (Baseline -ECO) 

3 

4.605 

0 

16 

NOTE:  The  savings  for  this  ECO  did  not  consider  any  interrelated  savings  with  other 

ECOs  identified  as  economically  feasible. 


ENERGY  COST  SAVINGS: 

Electricity:  16  MMBtu/Yr  X 

Nat.  Gas:  0  MMBtuA'r  X 

Total  Energy  Cost  Savings:  $63  + 

NON -ENERGY  SAVINGS  (+),  COST  (-): 

Demand:  3  kW/month  X 

=  (+)  $64  per  year 

Maintenance:  =  (-)  $0  per  year 


$4.0141  /MMBtu  = 
$2.92/MMBtu  = 

$0 

$1.787/kW  X 


Total: 


$64 


$0 


$63  per  year 
$0  per  year 
$63  per  year 

12  months/year 


$64  per  year 


[ECO-SHT.WK3) 
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HIGH  EFFICIENCY 
MOTOR  REPLACEMENT 


LABOR  RATE: 

19.6  $/hr 

ELECTRIC  CONS. 

0.0137  $/kWH 

ELECTRIC  DEMAND 

1.787  S/kW 

BLDG. 

EQUIPMENT 

MOTOR 

MOTOR 

MEAS 

MEAS 

MEAS 

EXST 

NEW 

KW 

HRS/ 

KWH/YR 

SVGS/ 

NO. 

SERVE 

HP 

FLA 

AMPS 

PF 

VOLT 

EFF 

EFF 

SVGS 

YEAR 

SVGS 

YEAR 

730 

CWP-1 

150.0 

179.0 

147.0 

0.87 

460 

90.19% 

95.00% 

5,73 

2641 

15120 

$330 

CWP~2 

150.0 

179.0 

148.0 

0.91 

460 

86.22% 

95,00% 

11.50 

1873 

21539 

$542 

CNWP-1 

50.0 

118.0 

107.0 

0.98 

230 

80.97% 

93,00% 

6.67 

2641 

17629 

$385 

CNWP-2 

50.0 

118.0 

107.0 

0.99 

230 

80.15% 

93.00% 

7.27 

468 

3405 

$203 

CNWP-3 

Ni 

NI 

NI 

CTM-1 

30.0 

71.4 

70.7 

0.93 

230 

84.60% 

92.40% 

2.61 

702 

1834 

$81 

CTM->2 

30.0 

71.4 

71.0 

0.87 

230 

90.44% 

92.40% 

0.58 

702 

405 

$18 

HWP-1 

50.0 

125.0 

117.5 

0.87 

230 

86.10% 

93.00% 

3.51 

3624 

12722 

$250 

HWP-2 

50.0 

125.0 

118.0 

0.87 

230 

86.10% 

93.00% 

3.53 

3624 

12776 

$251 

DEMAND  CREDIT 

$888 

MMBtu 

292 

TOTAL 

41 

85430 

$2,058 

914 

CWP-1 

40.0 

48.0 

41.3 

0.87 

460 

89.69% 

93.00% 

1.14 

3672 

4178 

$82 

CNWP-1 

15,0 

19.0 

14.4 

0.82 

460 

90.15% 

90.20% 

0.01 

3672 

23 

$0 

CTM-1 

10.0 

15.0 

12.0 

0.82 

460 

76.12% 

89.50% 

1.54 

416 

640 

$42 

CTM-2 

10.0 

15.0 

12.0 

0.82 

460 

76.12% 

89.50% 

1.54 

416 

640 

$42 

HWP-1 

2.0 

6.2 

5.4 

0.87 

230 

69.43% 

84.00% 

0.47 

3624 

1694 

$33 

HWP-2 

2.0 

6.2 

5.6 

0.87 

230 

69,43% 

84.00% 

0.48 

3624 

1757 

$34 

DEMAND  CREDIT 

$111 

MMBtu 

30 

TOTAL 

5 

8932 

$233 

2812 

CWP-1 

20.0 

27.0 

23.0 

0.77 

460 

90.07% 

91.00% 

0.16 

3672 

586 

$11 

CNWP-1 

25.0 

31.5 

26.5 

0.82 

460 

91.18% 

91.70% 

0.11 

3672 

394 

$8 

CTM-1 

15.0 

18.6 

18.6 

0.87 

460 

86.79% 

90.20% 

0.56 

1167 

655 

$21 

HWP-1 

7.5 

21.6 

18.5 

0.87 

230 

74.74% 

88.50% 

1.33 

5163 

6888 

$123 

HWP-2 

7.5 

21 .6 

19.0 

0.87 

230 

74.74% 

88.50% 

1.37 

3672 

5031 

$98 

DEMAND  CREDIT 

$76 

MMBtu 

46 

TOTAL 

4 

13554 

$261 

3442 

CWP-1 

60.0 

73.0 

63.0 

0.84 

460 

91.62% 

94.50% 

1.40 

3672 

5158 

$101 

CWP-2 

60.0 

73.0 

63,4 

0.84 

460 

91 .62% 

94.50% 

1.41 

3672 

5191 

$101 

CNWP-1 

40.0 

52.0 

41 .0 

0.78 

460 

92.34% 

93.00% 

0.20 

3672 

721 

$14 

CNWP-2 

40.0 

52.0 

35.8 

i  0.78 

460 

92.34% 

93.00% 

0.17 

3672 

629 

$12 

CTM-1 

15.0 

18.3 

14.6 

0.87 

460 

88.21% 

90.20% 

0.25 

1169 

295 

$9 

CTM-2 

15.0 

18.3 

14.6 

0.87 

460 

88,21% 

90.20% 

0.25 

1169 

295 

$9 

CTM-3 

15.0 

18.3 

14.6 

0.87 

460 

88.21% 

90.20% 

0.25 

1169 

295 

$9 

CTM-4 

15.0 

18.3 

14.6 

0.87 

460 

88.21%  1 

90.20% 

0.25 

1169 

295 

$9 

DEMAND  CREDIT 

$90 

MMBtu 

44 

TOTAL 

4 

12880 

$266 

4701 

CWP-1 

50.0 

60.7 

51 

0.87 

440 

92.68% 

93.00% 

0.13 

1873 

235 

$6 

CWP-2 

50.0 

60.7 

51 

0.87 

440 

92.68% 

93.00% 

0.13 

1873 

235 

$6 

CNWP-1 

30.0 

38 

33 

0.87 

440 

88.83% 

92.40% 

0.95 

1873 

1784 

$45 

CNWP-2 

30.0 

38 

33 

0.87 

440 

88.83% 

92.40% 

0.95 

1873 

1784 

$45 

CTM-1 

20.0 

24.6 

18.2 

0.87 

460 

87.50% 

91.00% 

0.55 

650 

361 

$17 

CTM-2 

15.0 

19.2 

16.5 

0.87 

440 

87.90% 

90.20% 

0.32 

650 

206 

$10 

DEMAND  CREDnr 

$65 

MMBtu 

16 

TOTAL 

3 

4605 

$128 

5676 

HCP-1 

10.0 

13,5 

13 

0,87 

460 

79.72% 

89.50% 

1.24 

7296 

9012 

$150 

HCP-2 

10.0 

13.5 

13 

0.87 

460 

79.72% 

89.50% 

1.24 

7296 

9012 

$150 

CNWP-1 

7.5 

11 

10 

0.87 

460 

73.38% 

88.50% 

1.61 

3672 

5927 

$116 

CTM-1 

7.5 

10.5 

9 

0.79 

460 

84.66% 

88.50% 

0.29 

1160 

337 

$11 

DEMAND  CREDIT 

$94 

MMBtu 

83 

TOTAL 

4 

24287 

$427 

5678 

HCP-1 

2.0 

6,5 

5,9 

0.83 

208 

76.76% 

84.00% 

0.20 

7296 

1445 

$24 

HCP-2 

2.0 

6.5 

5.7 

0.83 

208 

76.76% 

84.00% 

0.19 

7296 

1396 

$23 

HCP-3 

1.5 

4.8 

4.5 

0.83 

230 

70.51% 

84.00% 

0.34 

7296 

2474 

$41 

HCP-4 

2.0 

6.3 

5.8 

0.83 

230 

71 .62% 

84.00% 

0.39 

7296 

2878 

$48 

CNWP-1 

7.5 

11 

10 

0.87 

460 

73.38% 

88.50% 

1,61 

3672 

5927 

$116 

CTM-1 

7.5 

11 

9.6 

0.75 

460 

85.12% 

88.50% 

0.26 

1139 

293 

$10 

DEMAND  CREDIT 

$64 

MMBtu 

49 

TOTAL 

3 

14412 

$262 

D-4701-31 
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LIFE  CYCLE  COST  ANALYSIS  SUMMARY  STUDY;  4701EC6 

ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP)  LCCID  1.035 

INSTALLATION  &  LOCATION:  FT.  SILL,  OKLAHOMA  REGION  NOS.  6  CENSUS:  3 

PROJECT  NO.  &  TITLE:  3002-000  ENERGY  STUDY  ARMY  BOILER/ CHILLERS 
FISCAL  YEAR  1991  DISCRETE  PORTION  NAME;  HIGH  EFF.  MOTOR 
ANALYSIS  DATE:  04-10-91  ECONOMIC  LIFE  25  YEARS  PREPARED  BY:  KC 


1. 


2. 


3. 


4. 

5. 

6. 


INVESTMENT 

A.  CONSTRUCTION  COST  $  17229. 

B.  SIOH  $  948. 

C.  DESIGN  COST  $  1034. 

D.  ENERGY  CREDIT  CALC  ( lA+lB+lC) X. 9  $  17290. 

E.  SALVAGE  VALUE  COST  -$  0. 

F.  TOTAL  INVESTMENT  (ID-IE)  $  17290. 

ENERGY  SAVINGS  (+)  /  COST  (-) 

ANALYSIS  DATE  ANNUAL  SAVINGS,  UNIT  COST  &  DISCOUNTED  SAVINGS 


UNIT  COST 

SAVINGS 

ANNUAL 

$ 

DISCOUNT 

DISCOUNTED 

FUEL 

$/MBTU(l) 

MBTU/YR(2) 

SAVINGS 

(3) 

FACTOR(4) 

SAVINGS{5) 

A. 

ELECT 

$ 

4.01 

16. 

$ 

63. 

11.37 

717. 

B. 

DIST 

$ 

.00 

0. 

$ 

0. 

17.06 

0. 

C. 

RESID 

$ 

.00 

0. 

$ 

0. 

16.85 

0. 

D. 

NAT  G 

$ 

2.92 

0. 

$ 

0. 

17.52 

0. 

E. 

COAL 

$ 

.00 

0. 

$ 

0. 

13.34 

0. 

F, 

TOTAL 

16. 

$ 

63. 

$  717. 

NON  ENERGY  SAVINGS (+)  /  COST(-) 

A.  ANNUAL  RECURRING  (+/-) 

(1)  DISCOUNT  FACTOR  (TABLE  A) 

(2)  DISCOUNTED  SAVING/COST  (3A  X  3A1) 


11.65 


C. 

D. 


TOTAL  NON  ENERGY  DISCOUNTED  SAVINGS (+)  /COST(-)  (3A2+3Bd4) 

$ 


64. 

746. 

746. 


PROJECT  NON  ENERGY  QUALIFICATION  TEST 
(1)  25%  MAX  NON  ENERGY  CALC  (2F5  X  .33) 

A  IF  3D1  IS  =  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  =  (2F5+3D1)/1F)= 

C  IF  3D1B  IS  =  >  1  GO  TO  ITEM  4 

D  IF  3D1B  IS  <  1  PROJECT  DOES  NOT  QUALIFY 


236. 

.06 


FIRST  YEAR  DOLLAR  SAVINGS  2F3+3A+ ( 3B1D/ ( YEARS  ECONOMIC  LIFE))  $ 
TOTAL  NET  DISCOUNTED  SAVINGS  (2F5+3C)  $ 

(SIR)=(5  /  1F)=  .08 


127. 

1462. 


DISCOUNTED  SAVINGS  RATIO 
(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 

****  Project  does  not  qualify  for  ECIP  funding;  4,5,6  for  information  only. 


7.  SIMPLE  PAYBACK  PERIOD  (ESTIMATED)  SPB=lF/4 


136.12 
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ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 
FT.  SILL,  OKLAHOMA 


CENTRAL  PLANT:  4701 

ENERGY  CONSERVATION  OPPORTUNITY:  ECO-  7 

SYSTEM  MODIFICATION:  INSTALL  INSTRUMENTATION  TO  DETERMINE  LOAD 
SYSTEMS  TO  MODIFY: 


CALCULATION  DESCRIPTION: 

Analysis  spread  sheet  was  prepared  to  determine  the  energy  savings  for 
ECO-7,  install  instrumentation  to  facilitate  efficient  operation  of  boiler  plant. 

It  was  estimated  that  the  energy  wasted  from  boiler  in  standby  is  1  %  of  the  rated 

output  capacity.  The  hours  when  boilers  are  running  unnecessary  were  estimated  for  each  boiler. 


ANNUAL  UTILITY  SAVINGS 


PC  CUBE  RUN 

E 

lectric 

Nat.  Gas 
(MMBtu) 

Total  Energy 
fMMBtu) 

DemandfkW) 

EneravfkWh) 

Baseline 

— 

— 

— 

0 

ECO 

_ 

— 

— 

0 

Savinas  (Baseline -ECO) 

0 

0 

61 

61 

NOTE:  The  savings  for  this  ECO  did  not  consider  any  interrelated  savings  with  other 

ECOs  identified  as  economically  feasible. 


ENERGY  COST  SAVINGS: 


Electricity: 

0  MMBtuA'r 

X  $4.0141  /MMBtu  = 

$0  per  year 

Nat.  Gas: 

61  MMBtuA'r 

X  $2.92 /MMBtu  = 

$178  per  year 

Total  Energy  Cost  Savings: 

$0  +  $178 

$178  per  year 

NON-ENERGY  SAVINGS  (+),  COST  (-): 

Demand: 

0  kW/month 

X  $1 .787  /kW  X 

12  months/year 

=  (+) 

$0  per  year 

Maintenance:  =  (-) 

$463  per  year 

Total: 

$0 

$463 

($463)  per  year 

[ECO-SHT.WK31 
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BOILER  STANDBY  SAVINGS 
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COST  ESTIMATE  ANALYSIS  INVITATION  NO./CONTRACT  NO.  EFFECTIVE  PRICING  DATE  PREPARED 

_ DACA59~90-C-0087  _ DATE  APR.  91 _ 04 -Apr -91 _ 

PROJECT  ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER _  _  CODE  a|  X  |  CODE  b|  CODE  C  DRAWING  NO.  SHT  OF 

LOCATION  FT.  SILL.  OKLAHOMA  LJ  OTHER  _ _ 

ESTIMATOR  KC  CHECKED  BY  CEL 
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LIFE  CYCLE  COST  ANALYSIS  SUMMARY  STUDY:  B4701EC1 

ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP)  LCCID  1.035 

INSTALLATION  &  LOCATION:  FT.  SILL,  OKLAHOMA  REGION  NOS.  6  CENSUS:  3 
PROJECT  NO.  &  TITLE:  3002-000  ENERGY  SURVEY  OF  ARMY  BOILER/CHILLERS 
FISCAL  YEAR  1991  DISCRETE  PORTION  NAME:  BOILER  INSTRUMENTATION 
ANALYSIS  DATE:  04-12-91  ECONOMIC  LIFE  15  YEARS  PREPARED  BY:  KC 

1 .  INVESTMENT 


A. 

CONSTRUCTION  COST 

$ 

7720. 

B. 

SIOH 

$ 

425. 

C. 

DESIGN 

COST 

$ 

464. 

D. 

ENERGY 

CREDIT  CALC  ( lA+lB+lC) X. 9 

$ 

7748. 

E. 

SALVAGE 

VALUE  COST 

-$ 

0. 

F, 

TOTAL  INVESTMENT  (ID-IE) 

$ 

7748. 

ENERGY  SAVINGS  (+)  /  COST  (-) 

ANALYSIS  DATE  ANNUAL  SAVINGS,  UNIT  COST  & 

DISCOUNTED  SAVINGS 

UNIT  COST  SAVINGS 

ANNUAL  $ 

DISCOUNT 

DISCOUNTED 

FUEL 

$/MBTU(l)  MBTU/YR(2) 

SAVINGS ( 3 ) 

FACTOR(4) 

SAVINGS ( 5 ) 

A. 

ELECT 

$  4.01  0. 

$ 

0. 

8.78 

0. 

B. 

DIST 

$  .00  0. 

$ 

0. 

12.34 

0. 

C. 

RESID 

$  .00  0. 

$ 

0. 

12.05 

0. 

D. 

NAT  G 

$  2.92  61. 

$ 

177. 

12.48 

2213. 

E. 

COAL 

$  .00  0. 

$ 

0. 

10.01 

0. 

F. 

TOTAL 

61. 

$ 

111. 

$ 

2213. 

NON  ENERGY 

SAVINGS (+)  /  COST(-) 

A. 

ANNUAL 

RECURRING  (+/-) 

$ 

-463. 

(1)  DISCOUNT  FACTOR  (TABLE  A) 

(2)  DISCOUNTED  SAVING/COST  (3A  X 

3A1) 

9.11 

$ 

-4218. 

C. 

TOTAL  NON  ENERGY  DISCOUNTED  SAVINGS (+) 

/COST(~) 

(3A2+3Bd4) 

$ 

“4218. 

D. 

PROJECT  NON  ENERGY  QUALIFICATION 

TEST 

(1)  25%  MAX  NON  ENERGY  CALC  (2F5  X  .33)  $  730. 

A  IF  3D1  IS  =  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  =  (2F5+3D1)/1F)=  _ 

C  IF  3D1B  IS  =  >  1  GO  TO  ITEM  4 

D  IF  3D1B  IS  <  1  PROJECT  DOES  NOT  QUALIFY 

4.  FIRST  YEAR  DOLLAR  SAVINGS  2F3+3A+(3B1D/ (YEARS  ECONOMIC  LIFE))  $  -286. 

5.  TOTAL  NET  DISCOUNTED  SAVINGS  (2F5+3C)  $  -2005. 

6.  DISCOUNTED  SAVINGS  RATIO  (SIR)=(5  /  1F)=  -.26 

(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 

7.  SIMPLE  PAYBACK  PERIOD  (ESTIMATED)  SPB=lF/4  -27.12 
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ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 
FT.  SILL,  OKLAHOMA 

CENTRAL  PLANT:  4701 

ENERGY  CONSERVATION  OPPORTUNITY:  ECO-  10 

SYSTEM  MODIFICATION:  OXYGEN  TRIM  FOR  BURNERS 
SYSTEMS  TO  MODIFY:  BOILER  1 , 2,  AND  3 


CALCULATION  DESCRIPTION: 

Two  PC-CUBE  program  computer  runs  are  compared  to  determine  the  energy  savings  for 
ECO-10,  install  oxygen  trim  for  burners. 

The  first  computer  run  (Baseline)  is  a  simulation  of  the  existing  structure,  equipment,  and 
systems,  and  how  they  are  presently  operated.  The  second  computer  run  (ECO)  is  also  a 
simulation  of  the  existing  building  with  modifications  implemented  in  the  systems,  equipment, 
or  the  operation.  The  difference  in  the  totals  from  the  two  computer  runs  represents  the  savings. 


ANNUAL  UTILITY  SAVINGS 


Electric 

Nat.  Gas 

Total  Energy 

PC  CUBE  RUN 

Demand(kW) 

Enerqy(kWh) 

(MMBtu) 

(MMBtu) 

Baseline 

— 

— 

9,596 

9,596 

ECO 

— 

— 

9,436 

9,436 

Savings  (Baseline-ECO) 

0 

0 

160 

160 

NOTE:  The  savings  for  this  ECO  did  not  consider  any  interrelated  savings  with  other 

ECOs  identified  as  economicaiiy  feasible. 


ENERGY  COST  SAVINGS: 


Electricity: 

0  MMBtu/Yr  X 

$4.0141  /MMBtu  = 

$0  per  year 

Nat.  Gas; 

160  MMBtum  X 

$2.92 /MMBtu  = 

$467  per  year 

Total  Energy  Cost  Savings: 

$0  + 

$467 

$467  per  year 

NON-ENERGY  SAVINGS  (+),  COST  (-): 

Demand: 

0  kW/month  X 

$1.787/kW  X 

12  months/ye 

=  (+) 

$0  per 

year 

Maintenance: 

=  (-) 

$1 ,799  per  year 

Total: 

$0 

$1,799 

($1 ,799)  per  year 

[ECO-SHT.WK3] 
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CENTRAL  PLANT  4701  BASELINE- 1 


PC-CUBE  VERSION  2.0.3 


SYSTEM  Cl  NORMAL  HEATING  AND  COOLING 


PAGE  NO. 


**  TOTAL  ** 


FUEL  AND  POWER  CONSUMPTION  SYSTEM  Cl 

TOTAL  GAS  CONSUMP.,  1000  CU  FT  7875. 

PEAK  DAY  GAS  CONSUME.,  1000  CU  FT  99. 

ELECTRICAL  CONSUMPTION,  KWH  305028. 

PEAK  KW  DEMAND  (15  MIN  BASIS)  396. 

PURCHASED  ELECTRIC  POWER 

ON-PEAK  CONSUMPTION  KWH  305028. 

ON-PEAK  KW  DEMAND  (15  MIN  BASIS)  396. 

MID-PEAK  CONSUMPTION  KWH  0. 

MID-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

OFF-PEAK  CONSUMPTION  KWH  0. 

OFF-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

GENERATED  ELECTRICAL  POWER  KWH  0. 

SOLD  ELECTRICAL  POWER  KWH  0. 

AUXILIARY  FUEL  CONSUMPTION  0. 

DIR.  PROC.  GAS  CONSUMP.,  1000  CF  0. 

CHILLER  OPERATING  HOURS 

CHILLER  1  1873 

CHILLER  2  1873 

BOILER  OPERATING  HOURS 

BOILER  1  1205 

BOILER  2  0 

RECOVERABLE  HEAT  USED,  MBTU  0. 

RECOVERABLE  HEAT  UNUSED,  MBTU  0- 


20 


D-4701-40 


PC-CUBE  VERSION  2.0.3 


PAGE  NO.  18 


CENTRAL  PLANT  4701  BASELINE- 2 

SYSTEM  Cl  SUMMER  m  LOADS 

FUEL  AND  POWER  CONSUMPTION 

TOTAL  GAS  CONSUME.,  1000  CU  FT 
PEAK  DAY  GAS  CONSUMP.,  1000  CU  FT 

ELECTRICAL  CONSUMPTION,  KWH 
PEAK  KW  DEMAND  (15  MIN  BASIS) 

PURCHASED  ELECTRIC  POWER 
ON-PEAK  CONSUMPTION  KWH 
ON-PEAK  KW  DEMAND  (15  MIN  BASIS) 
MID-PEAK  CONSUMPTION  KWH 
MID-PEAK  KW  DEMAND  (15  MIN  BASIS) 
OFF-PEAK  CONSUMPTION  KWH 
OFF-PEAK  KW  DEMAND  (15  MIN  BASIS) 
GENERATED  ELECTRICAL  POWER  KWH 
SOLD  ELECTRICAL  POWER  KWH 

AUXILIARY  FUEL  CONSUMPTION 

DIR.  PROC.  GAS  CONSUMP.,  1000  CF 
BOILER  OPERATING  HOURS 
BOILER  1 


SYSTEM  Cl 

1720. 

16. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


647 


RECOVERABLE  HEAT  USED,  MBTU 
RECOVERABLE  HEAT  UNUSED,  MBTU 


**  TOTAL  ** 


D-4701-41 


CENTRAL  PLANT  4701  BOILER  ECO- 4 


PC-CUBE  VERSION  2.0.3 


SYSTEM  Cl  NORMAL  HEATING  AND  COOLING 


FUEL  AND  POWER  CONSUMPTION  SYSTEM  Cl 

TOTAL  GAS  CONSUMP. ,  1000  CU  FT  7733. 

PEAK  DAY  GAS  CONSUMP.,  1000  CU  FT  97. 


ELECTRICAL  CONSUMPTION,  KWH  305028. 

PEAK  KW  DEMAND  (15  MIN  BASIS)  396. 

PURCHASED  ELECTRIC  POWER 

ON -PEAK  CONSUMPTION  KWH  305028. 

ON-PEAK  KW  DEMAND  (15  MIN  BASIS)  396. 

MID-PEAK  CONSUMPTION  KWH  0. 

MID-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

OFF-PEAK  CONSUMPTION  KWH  0. 

OFF-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

GENERATED  ELECTRICAL  POWER  KWH  0. 

SOLD  ELECTRICAL  POWER  KWH  0. 


AUXILIARY  FUEL  CONSU^C>TION 


0. 


DIR.  PROC.  GAS  CONSUMP.,  1000  CF  0. 

CHILLER  OPERATING  HOURS 

CHILLER  1  1873 

CHILLER  2  1873 

BOILER  OPERATING  HOURS 

BOILER  1  1205 

BOILER  2  0 


RECOVERABLE  HEAT  USED,  MBTU  0. 

RECOVERABLE  HEAT  UNUSED,  MBTU  0. 


PAGE  NO.  8 

**  TOTAL  ** 


D-4701-42 


CENTRAL  PLANT  4701  BOILER  ECO- 4 


PC-CUBE  VERSION  2.0.3 


SYSTEM  Cl  SUMMER  HW  LOADS 

FUEL  AND  POWER  CONSUMPTION 

TOTAL  GAS  CONSUMP. ,  1000  CU  FT 
PEAK  DAY  GAS  CONSUMP.,  1000  CU  FT 

ELECTRICAL  CONSUMPTION,  KWH 
PEAK  KW  DEMAND  (15  MIN  BASIS) 

PURCHASED  ELECTRIC  POWER 
ON -PEAK  CONSUMPTION  KWH 
ON-PEAK  KW  DEMAND  (15  MIN  BASIS) 
MID-PEAK  CONSUMPTION  KWH 
MID-PEAK  KW  DEMAND  (15  MIN  BASIS) 
OFF-PEAK  CONSUMPTION  KWH 
OFF-PEAK  KW  DEMAND  (15  MIN  BASIS) 
GENERATED  ELECTRICAL  POWER  KWH 
SOLD  ELECTRICAL  POWER  KWH 

AUXILIARY  FUEL  CONSUMPTION 

DIR.  PROC.  GAS  CONSUMP.,  1000  CF 
BOILER  OPERATING  HOURS 
BOILER  1 

RECOVERABLE  HEAT  USED,  MBTU 
RECOVERABLE  HEAT  UNUSED,  MBTU 


**  TOTAL 


SYSTEM  Cl 

1703. 

16. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

642 

0. 

0. 


D-4701^3 


SPECIFICATIONS  -  AIR-MIZER  II  SYSTEM 


SENSOR 


Nominal  Dimensions;  14Vi"H  x 
10V4"W  X  10"D  (37.2  X  26  X  25.4  cm) 

Enclosure:  Weather  reslslant—S.S. 
case,  nickel  plated  carbon  steel 
base 

Weight:  55  pounds  (25  kg) 

Accuracy:  ±  1%  of  net  excess  oxy¬ 
gen 

Repeatability:  ±0.2%  of  measured 
value 

Response:  90%  of  full  scale  In  less 
than  5  seconds 

Drift:  Less  than  0.1%  of  sensor  cell 
output  per  month 

Ambient  Temperatures:  -5  to 
+  175  T  (-20.5  to  +79"C) 

Sample  Temperatures:  Upto  1300®F 
(704  ®C)  with  standard  probe 

Sample  Flow  Rate:  0.1  to  120  scfh 
(0.47  to  56.65  llters/mlnute) 

Air  Aspirator  Requirements:  10  to 
20  scfh  (4,72  to  14.16  liters/  min) 
at  15-100  psi  (1.05  to  7.037  kg/cm*) 
(Aspirator  air  regulator  furnished 
with  sensor  normally  set  at  2-7 
psI;  0.14  •  0,49  kg/cm^) 

Calibration:  With  analyzed  oxygen 
In  nitrogen  sample.  Calibration 
port  provided. 


CONTROL  UNIT 

Nominal  Dimensions;  127$  "'H  x 
10Vs"W  X  9V."D  (32.1  X  27.6  x  23.2 
cm) 

Enclosure:  Wall/panel  mounted- 
meets  the  requirements  for  NEMA 
4  areas 

Weight:  22  pounds  (10  kg) 


Temperature  Control:  On-Off  by  mi¬ 
croprocessor  (±  1  X) 

Linearization:  256  segments  from 
20%  to  0.2%  O,,  (218  from  10%  to 
0.2%),  by  microprocessor 

Controller  Action:  On-Off— “On” 
time  adjustable  2-20  seconds. 
“Off”  time  adjustable  2-60 
seconds. 

Deadband:  ±  0.25%  oxygen. 
LED’s  Indicate  motor  driving. 

Will  not  allow  decrease  In  air 
when  O,  Is  below  0.5%  oxygen. 
Air  flow  will  Increase  to  +15% 
max.  If  Oj  level  Is  above  12%. 

Setpoint:  0  to  10%  oxygen  by  either 
of:  A.  Two  banks  of  5  slide  pots, 
(Dual  Fuel)  selectable  by  slide 
switch;  proper  pot  or  pots  con¬ 
nected  to  processor  by  switch  In 
actuator.  B.  Manual  pot  on  panel 
A  or  B  selected  by  Remote/Local 
switch  on  panel.  Setpoint  In¬ 
dicated  by  edge  reading  meter 
(0-10%) 


Manual  Control:  Manual/Auto 
switch  and  Increase— decrease 
push  buttons  (Spring  return 
switch  inside  control  unit  can 
override  all  control  actions  In  the 
event  of  processor  failure). 

Ready  Indicator:  On  at  temperature 
set  point.  Off  below  temperature 
set  point.  Flashes  above  tempera¬ 
ture  set  point.  O,  Control  In 
“manual”  when  below  set  point. 

Oxygen  Scale:  20.9  to  0.1%  Oj 
Logarithmic 

Alarms:  High  and  Low  O,  adjustable 
0.2  to  20%.  RTD  Failure  (shuts 
down  temperature  control,  and 
puts  Oj  control  In  “manual”). 


Increase  Air  Override:  Contact  clo¬ 
sure  from  optional  combustibles 
or  smoke  detector  alarm  will 
cause  Increase  In  air  signal  on 
each  control  pulse  regardless  or 
Oj  vs.  O,  setpoint  relationship. 
Once  combustibles  contact  opens, 
normal  control  will  resume.  This 
maintains  air  flow  at  a  level  where 
maximum  allowable  combustibles 
or  smoke  Is  not  exceeded. 

Ambient  Temperature  Limits:  32  ®F 
to  140  "F  (0  to  +60"C) 

Recorder  Output:  0-100  mv  = 
0-20%  Oj  Linear  (0-50  mv  =0-10%) 
Other  current  or  voltages  outputs 
optional 


Overall  Size:  17Va"L  x  4'^W  x 
10V4"H  (44.5  X  10.2  x  26  cm) 

Weight:  16.5  pounds  (7.5  kg) 

Angular  Travel  (Input  Arm):  60’’ 

Linear  Link  Travel:  Adjustable  4"  to 
10"  at  4"  to  10"  Radius  (10.2  to 
25.4  cm  at  10.2  to  25.4  cm  Radius) 

Linear  Link  Force:  100  pounds  at 
4"  Radius  (45.5  kg  at  10.2  cm 
Radius) 

70  pounds  at  6"  Radius  (31.8  kg  at 
15.2  cm  Radius) 

40  pounds  at  10"  Radius  (18.2  kg 
at  25.4  cm  Radius) 

Case:  Suitable  for  areas  requiring 
NEMA  2  equipment  (Drip  proof  in¬ 
door) 

Correction:  -  15%  to  +  15%  (.85  to 
1.15  gain)  of  normal  air  flow 

Speed:  60  seconds  from  -15%  to 
+ 15%  correction  (max.) 

Load  Indication:  9  position  shorting 
switch  tied  to  input  arm 

Brake:  Internal  birake  will  hold  load 
at  any  above  .rated  force  without 
“coasting” 

Ambient  Temperature  Limits:  0*Fto 

leoTf-isto  +7rc) 
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LIFE  CYCLE  COST  ANALYSIS  SUMMARY  STUDY:  4701EC10 

ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP)  LCCID  1.035 

INSTALLATION  &  LOCATION:  FT.  SILL,  OKLAHOMA  REGION  NOS.  6  CENSUS:  3 

PROJECT  NO.  &  TITLE:  3002-000  ENERGY  STUDY  ARMY  BOILER/ CHILLERS 
FISCAL  YEAR  1991  DISCRETE  PORTION  NAME:  BOILER  02  TRIM  CONTROL 
ANALYSIS  DATE:  04-12-91  ECONOMIC  LIFE  15  YEARS  PREPARED  BY:  KC 


1.  INVESTMENT 

A.  CONSTRUCTION  COST 

B.  SIOH 

C.  DESIGN  COST 

D.  ENERGY  CREDIT  CALC  ( lA+lB+lC) X . 9 

E.  SALVAGE  VALUE  COST 

F.  TOTAL  INVESTMENT  (ID-IE) 


$ 

$ 

$ 

$ 

-$ 

$ 


2.  ENERGY  SAVINGS  (+)  /  COST  (-) 

ANALYSIS  DATE  ANNUAL  SAVINGS,  UNIT  COST  &  DISCOUNTED  SAVINGS 


23572. 

1297. 

1415. 

23656. 

0. 

23656. 


UNIT  COST 

SAVINGS 

ANNUAL  $ 

DISCOUNT 

DISCOUNTED 

FUEL 

$/MBTU(l) 

MBTU/YR(2) 

SAVINGS ( 3 ) 

FACTOR(4) 

SAVINGS (5) 

A. 

ELECT 

$  4.01 

0. 

$ 

0. 

8.78 

0. 

B. 

DIST 

$  .00 

0, 

$ 

0. 

12.34 

0. 

C, 

RESID 

$  .00 

0. 

$ 

0. 

12.05 

0. 

D, 

NAT  G 

$  2.92 

160. 

$ 

467. 

12.48 

5831. 

E, 

COAL 

$  .00 

0. 

$ 

0. 

10.01 

0. 

F. 

TOTAL 

160. 

$ 

467. 

$  5831. 

NON 

ENERGY 

SAVINGS (+)  / 

COST(-) 

A. 

ANNUAL 

RECURRING  (+/ 

$  “1799. 

(1)  DISCOUNT  FACTOR 

(TABLE  A) 

9.11 

(2)  DISCOUNTED  SAVING/COST  (3A  X 

3A1) 

$  “16389. 

C. 

TOTAL  NON  ENERGY  DISCOUNTED  SAVINGS (+) 

/COST(-“) 

(3A2+3Bd4) 

$  “16389. 

D.  PROJECT  NON  ENERGY  QUALIFICATION  TEST 

(1)  25%  MAX  NON  ENERGY  CALC  (2F5  X  .33)  $  1924. 

A  IF  3D1  IS  =  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  =  (2F5+3D1)/1F)=  _ 

C  IF  3D1B  IS  =  >  1  GO  TO  ITEM  4 

D  IF  3D1B  IS  <  1  PROJECT  DOES  NOT  QUALIFY 

4.  FIRST  YEAR  DOLLAR  SAVINGS  2F3+3A+(3BlD/( YEARS  ECONOMIC  LIFE))  $  -1332. 

5.  TOTAL  NET  DISCOUNTED  SAVINGS  (2F5+3C)  $  -10558. 

6.  DISCOUNTED  SAVINGS  RATIO  (SIR)=(5  /  1F)=  -.45 

(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 

7.  SIMPLE  PAYBACK  PERIOD  (ESTIMATED)  SPB=lF/4  -17.76 
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ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 
FT.  SILL,  OKLAHOMA 

CENTRAL  PLANT:  4701 

ENERGY  CONSERVATION  OPPORTUNITY:  ECO-  12 

SYSTEM  MODIFICATION:  STACK  ECONOMIZERS 
SYSTEMS  TO  MODIFY:  BOILER  1  AND  2 


CALCULATION  DESCRIPTION: 

Two  PC-CUBE  program  computer  runs  are  compared  to  determine  the  energy  savings  for 
ECO-12,  install  stack  economizer  for  boilers. 

The  first  computer  run  (Baseline)  is  a  simulation  of  the  existing  structure,  equipment,  and 
systems,  and  how  they  are  presently  operated.  The  second  computer  run  (ECO)  is  also  a 
simulation  of  the  existing  building  with  modifications  implemented  in  the  systems,  equipment, 
or  the  operation.  The  difference  in  the  totals  from  the  two  computer  runs  represents  the  savings. 


ANNUAL  UTILITY  SAVINGS 


[  1  Electric 

Nat.  Gas 

Toted  Energy 

PC  CUBE  RUN  Demand(kW) 

Energy(kWh) 

(MMBtu) 

(MMBtu) 

Baseline  — 

— 

9,596 

9,596 

ECO 

— 

9,507 

9,507 

Savinas  (Baseline-ECO)  0 

0 

89 

89 

NOTE:  The  savings  for  this  ECO  did  not  consider  any  interrelated  savings  with  other 

ECOs  identified  as  economically  feasible. 


ENERGY  COST  SAVINGS: 

Electricity: 

0  MMBtum  X 

$4.0141  /MMBtu  = 

$0  per  year 

Nat.  Gas: 

89  MMBtuA'r  X 

$2.92 /MMBtu  = 

$260  per  year 

Total  Energy  Cost  Savings: 

$0  + 

$260 

$260  per  year 

NON-ENERGY  SAVINGS  (+).  COST  (-): 

Demand: 

0  kW/month  X 

$1 .787  /kW  X 

12  months/year 

=  (+) 

$0  per  year 

Maintenance:  =  (-) 

$0  per  year 

Total: 

$0 

$0  = 

$0  per  year 

[ECO-SHT.WK3] 
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PC-CUBE  VERSION  2.0.3 


PAGE  NO.  20 


CENTRAL  PLANT  4701  BASELINE-1 

SYSTEM  Cl  NORMAL  HEATING  AND  COOLING 


FUEL  AND  POWER  CONSUMPTION  SYSTEM  Cl 

TOTAL  GAS  CONSUME.,  1000  CU  FT  7875. 

PEAK  DAY  GAS  CONSUME.,  1000  CU  FT  99. 

ELECTRICAL  CONSUMPTION,  KWH  305028. 

PEAK  KW  DEMAND  (15  MIN  BASIS)  396. 

PURCHASED  ELECTRIC  POWER 

ON-PEAK  CONSUMPTION  KWH  305028. 

CMI-PEAK  KW  DEMAND  (15  MIN  BASIS)  396. 

MID-PEAK  CONSUMPTION  KWH  0. 

MID-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

OFF-PEAK  CONSUMPTION  KWH  0. 

OFF-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

GENERATED  ELECTRICAL  POWER  KWH  0. 

SOLD  ELECTRICAL  POWER  KWH  0. 

AUXILIARY  FUEL  CONSUMPTION  0. 

DIR.  PROC.  GAS  CONSUMP.,  1000  CF  0. 

CHILLER  OPERATING  HOURS 

CHILLER  1  1873 

CHILLER  2  1873 

BOILER  OPERATING  HOURS 

BOILER  1  1205 

BOILER  2  0 

RECOVERABLE  HEAT  USED,  MBTU  0. 

RECOVERABLE  HEAT  UNUSED,  MBTU  0. 


**  TOTAL 
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CENTRAL  PLANT  4701  BASELINE- 2 


PC-CUBE  VERSION  2.0.3 


SYSTEM  Cl  SUMMER  HW  LOADS 

FUEL  AND  POWER  CONSUMPTION 

TOTAL  GAS  CONSUMP. ,  1000  CU  FT 
PEAK  DAY  GAS  CONSUMP.,  1000  CU  FT 

ELECTRICAL  CONSUMPTION,  KWH 
PEAK  KW  DEMAND  (15  MIN  BASIS) 

PURCHASED  ELECTRIC  POWER 
ON -PEAK  CONSUMPTION  KWH 
ON-PEAK  KW  DEMAND  (15  MIN  BASIS) 
MID-PEAK  CONSUMPTION  KWH 
MID-PEAK  KW  DEMAND  (15  MIN  BASIS) 
OFF-PEAK  CONSUMPTION  KWH 
OFF-PEAK  KW  DEMAND  (15  MIN  BASIS) 
GENERATED  ELECTRICAL  POWER  KWH 
SOLD  ELECTRICAL  POWER  KWH 

AUXILIARY  FUEL  CONSUMPTION 

DIR.  PROC.  GAS  CONSUMP.,  1000  CF 
BOILER  OPERATING  HOURS 
BOILER  1 

RECOVERABLE  HEAT  USED,  MBTU 
RECOVERABLE  HEAT  UNUSED,  MBTU 


**  TOTAL 


SYSTEM  Cl 

1720. 

16. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

647 

0. 

0. 
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PC -CUBE  VERSION  2.0,3 

CENTRAL  PLANT  4701  BOILER  ECO- 6 

SYSTEM  Cl  NORMAL  HEATING  AND  COOLING 


FUEL  AND  POWER  CONSWIPTION  SYSTEM  Cl 

TOTAL  GAS  CONSUMP.,  1000  CU  FT  7800, 

PEAK  DAY  GAS  CONSUMP.,  1000  CU  FT  98. 

ELECTRICAL  CONSUMPTION,  KWH  305028. 

PEAK  KW  DEMAND  (15  MIN  BASIS)  396. 

PURCHASED  ELECTRIC  POWER 

ON-PEAK  CONSUMPTION  KWH  305028. 

ON-PEAK  KW  DEMAND  (15  MIN  BASIS)  396. 

MID-PEAK  CONSUMPTION  KWH  0. 

MID-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

OFF-PEAK  CONSUMPTION  KWH  0. 

OFF-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

GENERATED  ELECTRICAL  POWER  KWH  0. 

SOLD  ELECTRICAL  POWER  KWH  0. 

AUXILIARY  FUEL  CONSUMPTION  0. 

DIR.  PROC.  GAS  CONSUMP.,  1000  CF  0. 

CHILLER  OPERATING  HOURS 

CHILLER  1  1873 

CHILLER  2  1873 

BOILER  OPERATING  HOURS 

BOILER  1  1205 

BOILER  2  0 

RECOVERABLE  HEAT  USED,  MBTU  0. 

RECOVERABLE  HEAT  UNUSED,  MBTU  0. 
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**  TOTAL  ** 
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PC-CUBE  VERSION  2.0.3 

CENTRAL  PLANT  4701  BOILER  ECO- 6 
SYSTEM  Cl  SUMMER  HW  LOADS 


FUEL  AND  POWER  CONSUMPTION  SYSTEM  Cl 

TOTAL  GAS  CONSUMP.,  1000  CU  FT  1708. 

PEAK  DAY  GAS  CONSUMP.,  1000  CU  FT  16. 

ELECTRICAL  CONSUMPTION,  KWH  0. 

PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

PURCHASED  ELECTRIC  POWER 

ON-PEAK  CONSUMPTION  KWH  0. 

ON-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

MID-PEAK  CONSUMPTION  KWH  0. 

MID-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

OFF-PEAK  CONSUMPTION  KWH  0. 

OFF-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

GENERATED  ELECTRICAL  POWER  KWH  0. 

SOLD  ELECTRICAL  POWER  KWH  0. 

AUXILIARY  FUEL  CONSUMPTION  0. 

DIR.  PROC.  GAS  CONSUMP.,  1000  CF  0. 

BOILER  OPERATING  HOURS 

BOILER  1  643 

RECOVERABLE  HEAT  USED,  MBTU  0. 

RECOVERABLE  HEAT  UNUSED,  MBTU  0. 
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**  TOTAL  ** 
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COSTOHKR 
line  Engirmitrtt 
I  PROPOSAL  318~103Si'>0-«0 
RUN  00 


KliM  I  iJbE 

4180  8.  EI.WOOD 
TUL«A^  OKLAHOI'IA 


PRINTED  04/10/91 

Tims:  09  HR8  10  niHt  i^  , 

,CU8T.  REFERENCE 
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CYLINDRICAL  FUEL  ECONOMIZER 


MODEL  100930' 


'OVERALL  PERFORMANCE 

COUNTER  CURRENT  FLOW 

FLUID  CIRCULATED  IN  TUDE8  I<J  WATER 

HEAT  EXCHAHUEP  97907.  Bru/HR 

BTU/HR-SCIFT- 
l&O.l  DEO  F 


FLOW  RAIE 
TEMP  IN 
TEMP  OUT 
PRES  IN 
PF<E8  DROP 


PERFORMANCE  SPECIFICATIONS 
TUDE  SIDE  OAS  SIDE 

9  -w 


20/0..  1 
180.0 
227.2 
1»0..0  PS  10 


2A7<f< . 
AfAO.O 
301.1 
}  I.A../ 

.19 


I,  11 /HR 
DEO  1“' 
DEO  F 
P^llIA 
IN  WATE 


OVERALL  CONSTRUCTION 

VERTICAL  0A8  FLOW 
DIMENSIONS  ;|i' 

DIM  A  (HEIOHT)  »'m3, 
DIM  D  (NCIZ  C-C)  3'».3 

d;i:h  c  (I)1ameter)2'--i 

DRAWING  NO  V-  I 

SOOT  BLOWERS  AfSE  BUILT  IN 
NOZZLE  SIZE  2,0 

SURF’ ACE  AREA  134. 

LltilLlID  WE  I  OUT  70,  ' 

UNIT  WF-irJHT(DF?y)  742.  ' 


3 '<-3  378" 


DRAWING  NO 
SOOT  BLOWERS  AfiE 
NOZZLE  SIZE  2,0  i . IN 

SURF’ACE  AREA  134.  ,!ii'M'S8FT 

LltilLIlD  WEIGHT  70,  ' 

UNIT  WF-irJHT(DF?y)  742.  '  ''i’frLB 

CONSTRUCTION  SPECIFICATIONS' I 
TUBE  SIDE 


DESION  PRESfiJUfilE 
TEST  PRESSURE 
DESIGN  TEMPERATURE 
TUBE  OUTSIDE  DIA 
MArER:tAL 
FIN  THICKNESS 
PITCH 
MATERIAL 
INSULATION 

MAIEFUAL 

THICKNESS 


490, 

73». 

700.  !  ^ 

2.000  , 
C/STL  |i 
.040; 
3.00 
C/8TL 


IN 

FINS/ 


M.INERAL.  wool. 
3.0  ,  IN 
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4150  f.  Ilwoad 
SUlii,  OklahoMi  74107 
(tllS)  444-4541 
MXI  (911)  444-4340 


■ :  .  I  •  »'* » 


QUOTATION 


IKC  laglMdri 

also  louth  Wadswortb  Bivd. 

fianvarr  co  aoaai 

Attcntieni  M*.  Mooit  Jon«» 


RnTf 


oun  hvimci 


l3LiTinii;w 


SHIPPIMO  ESTiMATf 

a  K«9kt* 

[sUtPPlMQ  DeBTIMATlON 


Xtiltiib*  Bluip** 


THANK  YOU  FOR  YOUR  INQUIRY.  WE  APPRECIATE  THE  OPPORTUNITY  TO  PROPOSE  THE  FOLLOWING: 


OUAHTUT  I _ _  PgiCmPTIOM 

Miitubs  MXROMXBIIR  PuRl  VcoDoaii^r 
Ho4b1  100930 I  in  nooordnnon  wiih  ihd  uttaehnd 
p«r£orA«noa  ■p«oifiCAfcioiiB» 

pgaiow  rgRTURM 

Pinnad  tuba  unit;  3  Pina  par  inohi 
Vartioal  gat  flow;  Counter-currant  flow 
Fuel  typei  NATURAL  QAS* 

EatiRatad  Bblpping  Weight  -  Lb§« 

Praaaura  parta  to  aeotion  I  of  tba  asks  Boiler 

a  Preaaura  Vaieel  Codes 

Bxtamal  2**  inaulation  with  weatharpreof , 
corrugated  eaaing  ie  ineludad. 

Threaded  drain  and  vent  connection!  included t 


Kentuba  mnually  operated  sootblower^  integral  with 
unitg  inoludedt  Reguiree  as  psig  to  aso  piig 
supply  preaaures 


fMCLPPUIICt 


oDi  Ted  D»  Miller  Reaoeiatei 


NOTCt  All  ihlpplng  fttlmiiAi  ira  hstKl  on  •'ifttr  roeilpc  of  ordtr**  ind  i^afcsr  flral  prtm  opprovAli" 
Ai  r!<[Uli^.  thIpiDtntt  con  Of  ton  bo  tsproved  upon  roquot.  Pltai*  oontfect  Kontubo. 
rrUii  fire  fer  30  dayc  and  igbitet  to  ehino*  thoraaftor.  No  provlilon  U  nadt  for  Pidtrol, 
lUU  Of*  Huhlolpol  «!KM.  All  ordtr!  ort  tiRJoot  to  Aocoptonco  or  rojoctlun  by  tho  Crtcllt  Pep(irte»nt 
of  Kontub!  ond  to  tho  TtriM  of  loU  otioctid. 


YpUt  REFSCIENTATlVe  Its 
^Ted  D.  Miller  Aeacoiates 
2140  ieuth  tvenbee 
Benveirg  CO  80222 


Tout  ORDER  UIIL  RRCR 


XINTUM  ^ICATE 

Larry  iHolfewargf 

Produet  Bale^  Bng 


I  GATED  MODUCTB 


arger 

Bnginear 
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□ 


IPABRICATED  PRQDUCTSl 


TO 


■NC  ugiaMVk 


/31A-103S1-Q-0 


TAOa 


IlfHl  OUANTin 


STOOBmP  UCCiSaORllB 
(Quantltia#  beloM  »««  for  otoh  unit) 

Beltod  naanti  annWAy  in  cniiing,  •pproxiiiAtaly 
18*  iguBcet  airben  ntnal  eonttruetion. 

l/a*  %liv*«<laiS  aonnnction  for  infety  rolitf 
v«lv«  en  b*«dor. 

1/2*  ThrAAdod  Bufoty  roliof  vaIva,  KuuklA 
MOriAA  937. 


I*  Ail  proptid  And  bill  ihipaantB  will  be  at  thA  bill' 
AblA  freight  aaount  plus  a  eerviOA  aharge  of  lot. 

A  AAWleA  cbArge  la  net  reguired  for  oollAOt 
ehipBABte  or  third  peruy  billing. 

«  nmOBB  is  A  itembar  of  the  * 

*  hNnXCMt  bOXUR  MAMPrACTORBRA  ASSOOIATIOK  • 


OCtClIPTION 
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D-4701-56 


LIFE  CYCLE  COST  ANALYSIS  SUMMARY  STUDY:  4701EC11 

ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP)  LCCID  1.035 

INSTALLATION  &  LOCATION:  FT.  SILL,  OKLAHOMA  REGION  NOS.  6  CENSUS:  3 

PROJECT  NO.  &  TITLE:  3002-000  ENERGY  STUDY  ARMY  BOILER/CHILLERS 
FISCAL  YEAR  1991  DISCRETE  PORTION  NAME:  ECONOMIZER  AIR  PREHEAT 
ANALYSIS  DATE:  04-11-91  ECONOMIC  LIFE  25  YEARS  PREPARED  BY:  KC 


1 .  INVESTMENT 

A.  CONSTRUCTION  COST  $ 

B.  SIOH  $ 

C.  DESIGN  COST  $ 

D.  ENERGY  CREDIT  CALC  (1A+1B+1C)X.9  $ 

E.  SALVAGE  VALUE  COST  -$ 

F.  TOTAL  INVESTMENT  (ID-IE)  $ 


2.  ENERGY  SAVINGS  (+)  /  COST  (-) 

ANALYSIS  DATE  ANNUAL  SAVINGS,  UNIT  COST  &  DISCOUNTED  SAVINGS 


44359. 

2440. 

2662. 

44515. 

0. 

44515. 


UNIT  COST  SAVINGS 


FUEL 

$/MBTU(l) 

MBTU/yR(2) 

A. 

ELECT 

$ 

4.01 

0. 

B. 

DIST 

$ 

.00 

0. 

C. 

RESID 

$ 

.00 

0. 

D, 

NAT  G 

$ 

2.92 

77. 

E. 

COAL 

$ 

.00 

0. 

F. 

TOTAL 

77. 

3.  NON  ENERGY  SAVINGS (+)  /  COST(-) 
A.  ANNUAL  RECURRING  (+/-) 


C. 


ANNUAL  $ 

DISCOUNT 

DISCOUNTED 

SAVINGS ( 3 ) 

FACTOR(4) 

SAVINGS(5) 

$  0. 

11.37 

0. 

$  0. 

17.06 

0. 

$  0. 

16.85 

0. 

$  225. 

17.52 

3939. 

$  0. 

13.34 

0. 

$  225. 

$  3939. 

(1)  DISCOUNT  FACTOR  (TABLE  A) 

(2)  DISCOUNTED  SAVING/COST  (3A  X  3A1) 


11.65 


TOTTU^  NON  ENERGY  DISCOUNTED  SAVINGS (+)  /COST(-)  (3A2+3Bd4)  $ 


0. 

0. 

0. 


D.  PROJECT  NON  ENERGY  QUALIFICATION  TEST 

(1)  25%  MAX  NON  ENERGY  CALC  (2F5  X  .33)  $  1300. 

A  IF  3D1  IS  =  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  =  ( 2F5+3D1 ) /IF) = 

C  IF  3D1B  IS  =  >  1  GO  TO  ITEM  4 

D  IF  3D1B  IS  <  1  PROJECT  DOES  NOT  QUALIFY 


4.  FIRST  YEAR  DOLLAR  SAVINGS  2F3+3A+ ( 3B1D/ (YEARS  ECONOMIC  LIFE))  $  225. 


5.  TOTAL  NET  DISCOUNTED  SAVINGS  (2F5+3C)  $  3939. 

6.  DISCOUNTED  SAVINGS  RATIO  (SIR)=(5  /  1F)=  .09 

(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 

7.  SIMPLE  PAYBACK  PERIOD  (ESTIMATED)  SPB=lF/4  197.98 


D-4701-57 


ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 
FT.  SILL,  OKLAHOMA 

CENTRAL  PLANT:  4701 

ENERGY  CONSERVATION  OPPORTUNITY:  ECO-  14 

SYSTEM  MODIFICATION:  NEW  CHW  &  CW  PUMPS  TO  MATCH  LOAD 
SYSTEMS  TO  MODIFY:  NEW  CHW  &  CW  PUMPS 


CALCULATION  DESCRIPTION: 

Hand  calculation  sheet  was  prepared  to  determine  the  energy  savings  for 
ECO -14,  install  new  pump  to  match  load  requirements. 

It  was  estimated  that  the  electrical  energy  can  be  saved  by  installing  smaller  pumps 
to  match  the  load,  based  on  the  pump  operating  hours  per  year. 


ANNUAL  UTILITY  SAVINGS 


PC  CUBE  RUN 

E 

lectric 

Nat.  Gas 
(MMBtu) 

Total  Energy 
(MMBtu) 

Deman  d(kW) 

Energy(kWh1 

Baseline 

— 

— 

6 

0 

ECO 

— 

— 

0 

0 

Savinas  (Baseline-ECOI  ^ 

0 

50.401 

0 

172 

NOTE:  The  savings  for  this  ECO  did  not  consider  any  interreiated  savings  with  other 

ECOs  identified  as  economically  feasible. 


ENERGY  COST  SAVINGS: 


Electricity: 

172  MMBtu/Yr 

X  $4.0141  /MMBtu  = 

Nat.  Gas: 

0  MMBtu/Yr 

X  $2.92 /MMBtu  = 

Total  Energy  Cost  Savings: 

$690  +  $0  = 

NON-ENERGY  SAVINGS  (+).  COST  {-): 

Demand: 

0  kW/month 

X  $1 .787  /kW  X 

=  (+) 

$0  per  year 

Maintenance: 

=  (-) 

$0  per  year 

Total: 

$0 

$0 

$690  per  year 
$0  per  year 
$690  per  year 

12  months/year 


$0  per  year 


[ECO-SHT-WKS] 
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EMC  ENGINEERS.  INC. 

Denver  •  Colorado  Springs  •  Atlanta  •  West  Germany 
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D-4701-60 


DA  FORM 


LIFE  CYCLE  COST  ANALYSIS  SUMMARY  STUDY:  4701EC14 

ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP)  LCCID  1.035 

INSTALLATION  &  LOCATION:  FT.  SILL,  OKLAHOMA  REGION  NOS.  6  CENSUS:  3 

PROJECT  NO.  &  TITLE:  3002-000  ENERGY  STUDY  ARMY  BOILER/CHILLERS 
FISCAL  YEAR  1991  DISCRETE  PORTION  NAME:  PUMP  TO  MATCH  LOAD 
ANALYSIS  DATE:  04-15-91  ECONOMIC  LIFE  25  YEARS  PREPARED  BY:  KC 


1 .  INVESTMENT 

A.  CONSTRUCTION  COST 

B.  SIOH 

C.  DESIGN  COST 

D.  ENERGY  CREDIT  CALC  ( 1A+1B+1C)X. 9 

E.  SALVAGE  VALUE  COST 

F.  TOTAL  INVESTMENT  (ID-IE) 


$  20064. 

$  1104. 

$  1204. 

$  20135. 

-$  0. 

$  20135. 


2.  ENERGY  SAVINGS  (+)  /  COST  (-) 

ANALYSIS  DATE  ANNUAL  SAVINGS,  UNIT  COST  &  DISCOUNTED  SAVINGS 


UNIT  COST 

SAVINGS 

ANNUAL  $ 

DISCOUNT 

DISCOUNTED 

FUEL 

$/MBTU(l) 

MBTU/yR(2) 

SAVINGS ( 3 ) 

FACTOR(4) 

SAVINGS ( 5 ) 

A. 

ELECT 

$  4.01 

172. 

$ 

690. 

11.37 

7850. 

B. 

DIST 

$  .00 

0. 

$ 

0. 

17.06 

0. 

C. 

RESID 

$  .00 

0. 

$ 

0. 

16.85 

0. 

D. 

NAT  G 

$  2.92 

0. 

$ 

0. 

17.52 

0. 

E. 

COAL 

$  .00 

0. 

$ 

0. 

13.34 

0. 

F* 

TOTAL 

172. 

$ 

690. 

$  7850. 

NON 

ENERGY 

SAVINGS (+)  / 

COST(-) 

A. 

ANNUAL 

RECURRING  (+/ 

“) 

$  0. 

(1)  DISCOUNT  FACTOR 

(TABLE  A) 

11.65 

(2)  DISCOUNTED  SAVING/COST  (3A  X 

3A1) 

$  0. 

C.  TOTAL  NON  ENERGY  DISCOUNTED  SAVINGS (+)  /COST(-)  (3A2+3Bd4)  $  0. 

D.  PROJECT  NON  ENERGY  QUALIFICATION  TEST 

(1)  25%  MAX  NON  ENERGY  CALC  (2F5  X  .33)  $  2591. 

A  IF  3D1  IS  =  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  =  ( 2F5+3D1 ) /IF ) = 

C  IF  3D1B  IS  =  >  1  GO  TO  ITEM  4 

D  IF  3D1B  IS  <  1  PROJECT  DOES  NOT  QUALIFY 

4.  FIRST  YEAR  DOLLAR  SAVINGS  2F3+3A+(3B1D/ (YEARS  ECONOMIC  LIFE))  $  690. 

5.  TOTAL  NET  DISCOUNTED  SAVINGS  (2F5+3C)  $  7850. 

6.  DISCOUNTED  SAVINGS  RATIO  (SIR)=(5  /  1F)=  .39 

(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 

7.  SIMPLE  PAYBACK  PERIOD  (ESTIMATED)  SPB=lF/4  29.16 


D-4701-61 


CENTRAL  PLANT  5676 


ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 
FT.  SILL,  OKLAHOMA 

CENTRAL  PLANT:  5676 

ENERGY  CONSERVATION  OPPORTUNITY:  ECO-  3 

SYSTEM  MODIFICATIOIN:  CHILLER  REPLACEMENT 
SYSTEMS  TO  MODIFY:  CHILLER  1 


CALCULATION  DESCRIPTION: 

Two  PC-CUBE  program  computer  runs  are  compared  to  determine  the  energy  savings  for 
ECO-3,  renovate  or  replace  existing  chillers. 

The  first  computer  run  (Baseline)  is  a  simulation  of  the  existing  structure,  equipment,  and 
systems,  and  how  they  are  presently  operated.  The  second  computer  run  (ECO)  is  also  a 
simulation  of  the  existing  building  with  modifications  implemented  in  the  systems,  equipment, 
or  the  operation.  The  difference  in  the  totals  from  the  two  computer  runs  represents  the  savings. 


ANNUAL  UTILITY  SAVINGS 


PC  CUBE  RUN 

Electric 

Nat.  Gas 
(MMBtu) 

Total  Energy 
(MMBtu) 

Demand(kW) 

Energv(kWh) 

Baseline 

165 

299,000 

— 

1,020 

ECO 

69 

162,000 

— 

553 

Savinas  fBaseline-ECO) 

96 

137.000 

0 

468 

NOTE:  The  savings  for  this  ECO  did  not  consider  any  interrelated  savings  with  other 

ECOs  identified  as  economically  feasible. 


ENERGY  COST  SAVINGS: 

Electricity: 

Nat.  Gas: 

Total  Energy  Cost  Savings: 


468  MMBtu/Yr  X 

0  MMBtu/Yr  X 

$1,877  + 


NON -ENERGY  SAVINGS  (+),  COST  (-): 


Demand: 


96  kW/month 


$4.0141  /MMBtu  = 
$2.92/MMBtu  = 

$0 

$1 .787  /kW  X 


$1 ,877  per  year 
$0  per  year 
$1 .877  per  year 

12  months/year 


=  (+) 

$2,059  per  year 

Maintenance: 

=  (-) 

$3,000  per  year 

Total: 

$2,059 

$3,000 

($941)  per  year 

1ECO-SHT.WK31 


D-5676-1 


PC-CUBE  VERSION  2.0.3 

CENTRAL  PLANT  5676  BASELINE 

SYSTEM  Cl  NORMAL  HEATING  AND  COOLING 


FUEL  AND  POWER  CONSUMPTION  SYSTEM  Cl 

TOTAL  GAS  CONSUMP.,  1000  CU  FT  13463, 

PEAK  DAY  GAS  CONSUMP.,  1000  CU  FT  137. 

ELECTRICAL  CONSUMPTION,  KWH  298696. 

PEAK  KW  DEMAND  (15  MIN  BASIS)  165. 

PURCHASED  ELECTRIC  POWER 

ON-PEAK  CONSUMPTION  KWH  298696. 

ON-PEAK  KW  DEMAND  (15  MIN  BASIS)  165. 

MID- PEAK  CONSUMPTION  KWH  0. 

MID-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

OFF-PEAK  CONSUMPTION  KWH  0. 

OFF-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

GENERATED  ELECTRICAL  POWER  KWH  0. 

SOLD  ELECTRICAL  POWER  KWH  0. 


AUXILIARY  FUEL  CONSUMPTION 


DIR.  PROC.  GAS  CONSUMP.,  1000  CF  0. 

CHILLER  OPERATING  HOURS 

CHILLER  1  3672 

BOILER  OPERATING  HOURS 

BOILER  1  3624 

BOILER  2  2057 


RECOVERABLE  HEAT  USED,  MBTU 
RECOVERABLE  HEAT  UNUSED,  MBTU 


PAGE  NO. 


**  TOTAL  ** 


20 


D-5676-2 


PC-CUBE  VERSION  2.0.3 

CENTRAL  PLANT  5676  CHILLER  ECO-3 

SYSTEM  Cl  NORMAL  HEATING  AND  COOLING  W/ CHILLER  IMPROVEMENT  90%  EFF 


FUEL  AND  POWER  CONSUMPTION  SYSTEM  Cl 

TOTAL  GAS  CONSUMP.,  1000  CU  FT  13463. 

PEAK  DAY  GAS  CONSUME.,  1000  CU  FT  137. 

ELECTRICAL  CONSUMPTION,  KWH  160907. 

PEAK  KW  DEMAND  (15  MIN  BASIS)  69. 

PURCEIASED  ELECTRIC  POWER 

ON-PEAK  CONSUMPTION  KWH  160907. 

ON-PEAK  KW  DEMAND  (15  MIN  BASIS)  69. 

MID-PEAK  CONSUMPTION  KWH  0. 

MID-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

OFF-PEAK  CONSUMPTION  KWH  0. 

OFF-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

GENERATED  ELECTRICAL  POWER  KWH  0. 

SOLD  ELECTRICAL  POWER  KWH  0. 

AUXILIARY  FUEL  CONSUMPTION  0. 

DIR.  PROC.  GAS  CONSUMP.,  1000  CF  0. 

CHILLER  OPERATING  HOURS 

CHILLER  1  3672 

BOILER  OPERATING  HOURS 

BOILER  1  3624 

BOILER  2  2057 

RECOVERABLE  HEAT  USED,  MBTU  0. 

RECOVERABLE  HEAT  UNUSED,  MBTU  0. 


PAGE  NO.  8 


**  TOTAL  ** 


D-5676-3 


o 

o 

z 

0) 

1 

OF 

;  > 
OQ 

0. 

CL 

O 

X 

Q. 

< 

UJ 

'aC. 

CO 

I 

O 

0> 

h* 

LiJ 

o 

X 

X 

CO 

o 

0)T”CocO’~cor'»o 
01<Ot-OOOt-CM 
'T-  <»  in  o)  ■«a‘  05  co_ 

I  <»  o>  in  ^  ^  o>  V  ^ 

in<n^4»N’t-eo</»0) 
^  ^  ^  i» 


>0-0 
P  <  z 


U_  <  cc 
lU  o  o 


C0OOOCMCSJ<0  0> 

<d  o)  in  'T-*  in  O) 

iA  iA 


OcOineOO)<M<ON 

incoin<»coco^N. 

in4»<^<OT-c04fra) 

:  40^  4A  4/> 


CD 

tiJ 

CO 

o 

o 

O 

O 

1 

O  ' 

O 

1 

o 

__J 

0> 

1 

0> 

<  CC 

in 

Ui  UJ 

< 

Q  X 

O 

O  H 

< 

o  o 

o 

CO 

CO 

CM 

<D 

CD 

^  CM 

o 

m 

<M 

CO 

in 

CO 

00  CM 

Oi 

<0 

CM 

in 

CO 

IP*  in 

CNI 

iA 

iA 

cm' 

iA 

co' 

iA  rt 

iA 

iA 

iA 

4A 

X 

^  CO 

UJ 

-1 

C  o 

it  ^ 

X 

o 

§  ^ 

Q 

z 

8  °  « 

< 

X 

UJ 

1  = 

o 

CO 

> 

s 

X 

< 

CO 

li- 

< 

(O 

o 

s 

in 

> 

o 

Ul 

X 

Q  @ 

> 

X 

H  X 
m  lii 

3 

“  _J 

1- 

CO 

o 

z 

> 

o 

_f 

X  z 

^  Q 

UJ 

s 

Ul 

X 

Ul 

CO 

>•  h- 
CO  C>  X 

o 

z 

1  z  X 

5 

UJ 

X 

O  UJ  o 

X 

o  o  CO 

UJ 

z 

UJ  UJ 

X 

H- 

o 

o 

X  t  Q 

X 

UJ 

K 

UJ  UJ  ^ 

UJ 

“3 

o 

< 

o 

^  o  § 

,  u 
=! 

X 

o 

X  52  K- 

X 

X 

-1 

O  X 

o 

I  ^  CA 

^  ^  <  yi 

H  w  i  5  H 

u-  fc  H  H  <1 

0  2ZM<H 
C  O  O  3  S  O 
0-  O  O  <0  <0  H 


D-5676-4 


LIFE  CYCLE  COST  ANALYSIS  SUMMARY  STUDY:  C5676EC3 

ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP)  LCCID  1.035 

INSTALLATION  &  LOCATION:  FT.  SILL,  OKLAHOMA  REGION  NOS.  6  CENSUS:  3 
PROJECT  NO.  &  TITLE:  3002-000  ENERGY  STUDY  ARMY  BOILER/ CHILLERS 
FISCAL  YEAR  1991  DISCRETE  PORTION  NAME:  CHILLER  REPLACEMENT 
ANALYSIS  DATE:  04-09-91  ECONOMIC  LIFE  25  YEARS  PREPARED  BY:  KC 


INVESTMENT 

A. 

CONSTRUCTION  COST 

$ 

89403. 

B. 

SIOH 

$ 

4918. 

C. 

DESIGN  COST 

$ 

5365. 

D, 

ENERGY  CREDIT  CALC 

(1A+1B+1C)X. 

9 

$ 

89717. 

E. 

SALVAGE  VALUE  COST 

-$ 

0. 

F, 

TOTAL  INVESTMENT  (ID-IE) 

$ 

89717. 

ENERGY  SAVINGS  (+)  / 

COST  (-) 

ANALYSIS  DATE  ANNUAL 

SAVINGS,  UNIT 

COST  & 

DISCOUNTED  SAVINGS 

UNIT  COST  SAVINGS 

ANNUAL  $ 

DISCOUNT 

DISCOUNTED 

FUEL  $/MBTU(l) 

MBTU/yR(2) 

SAVINGS ( 3 ) 

FACTOR(4) 

SAVINGS ( 5 ) 

A. 

ELECT  $  4.01 

468. 

$ 

1877. 

11.37 

21340. 

B, 

DIST  $  .00 

0. 

$ 

0. 

17.06 

0. 

C. 

RESID  $  .00 

0. 

$ 

0. 

16.85 

0. 

D. 

NAT  G  $  2.92 

0. 

$ 

0. 

17.52 

0. 

E. 

COAL  $  . 00 

0. 

$ 

0. 

13.34 

0. 

F. 

TOTAL 

468. 

$ 

1877. 

$ 

21340. 

NON  ENERGY  SAVINGS (+) 

/  COST(-) 

A. 

ANNUAL  RECURRING 

(+/-) 

$ 

-941. 

(1)  DISCOUNT  FACTOR  (TABLE  A) 

11.65 

(2)  DISCOUNTED  SAVING/COST  (3A 

X  3A1) 

$ 

-10963. 

C. 

TOTAL  NON  ENERGY  DISCOUNTED  SAVINGS (+) 

/COST(-‘) 

(3A2+3Bd4) 

$ 

-10963. 

D.  PROJECT  NON  ENERGY  QUALIFICATION  TEST 

(1)  25%  MAX  NON  ENERGY  CALC  (2F5  X  .33)  $  7042. 

A  IF  3D1  IS  =  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  =  ( 2F5+3D1 ) /IF) = 

C  IF  3D1B  IS  =  >  1  GO  TO  ITEM  4 

D  IF  3D1B  IS  <  1  PROJECT  DOES  NOT  QUALIFY 


4. 

FIRST  YEAR  DOLLAR  SAVINGS  2F3+3A+( 

(3B1D/ (YEARS  ECONOMIC 

LIFE))  $ 

936 

5. 

TOTAL  NET  DISCOUNTED  SAVINGS  (2F5+3C) 

$ 

10378 

6. 

DISCOUNTED  SAVINGS  RATIO 

(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 

(SIR)=(5  /  1F)= 

.12 

7. 

SIMPLE  PAYBACK  PERIOD  (ESTIMATED) 

SPB=lF/4 

95.86 
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ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 
FT.  SILL,  OKLAHOMA 

CENTRAL  PLANT:  5676 

ENERGY  CONSERVATION  OPPORTUNITY:  ECO-  4 

SYSTEM  MODIFICATION:  INSTALL  ICE  STORAGE  COOLING  SYSTEM 
SYSTEMS  TO  MODIFY: 


CALCULATION  DESCRIPTION: 

Hand  calculation  sheet  was  prepared  to  determine  the  energy  savings  for 
ECO-4,  install  ice  storage  system  for  HVAC  cooling. 

It  was  estimated  that  the  peak  electrical  demand  can  be  saved  by  installing  ice  storage 
cooling  system. 


ANNUAL  UTILITY  SAVINGS 


NOTE:  The  savings  for  this  ECO  did  not  consider  any  interrelated  savings  with  other 

ECOs  identified  as  economically  feasible. 


X 

X 

$0  + 


ENERGY  COST  SAVINGS: 

Electricity:  0  MMBtuA^r 

Nat.  Gas:  0  MMBtu/Yr 

Total  Energy  Cost  Savings: 

NON-ENERGY  SAVINGS  (+),  COST  (-): 

Demand:  250  kW/month  X 

=  (+)  $5,361  per  year 

=  (-)  $0  per  year 


$4.0141  /MMBtu  = 
$2.92/MMBtu  = 

$0 

$1 .787  /kW  X 


PC  CUBE  RUN 

Electric 

Nat.  Gas 
(MMBtu) 

Total  Energy 
(MMBtu) 

Demand(kW) 

Energv(kWh) 

Baseline 

— 

— 

— 

0 

ECO 

— 

— 

— 

0 

Savinas  (Baseline -EC01 

250 

0 

0 

0 

$0  per  year 
$0  per  year 

$0  per  year 

12  months/year 


Maintenance; 

Total: 


$5,361 


$0 


$5,361  per  year 


fECO-SHT.WK31 
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A  new  application  of  an  old  idea  that  can 
cut  air  conditioning  energy  costs  in  half. 


Air  conditioning  during  summer  daytime  hours 
is  the  largest  single  contributor  to  utility 
“peak  demand”  charges.  After  noon,  as  more  air 
conditioners  are  needed  to  maintain  comfortable 
temperatures,  the  increased  demand  for  electricity 
adds  to  that  already  created  by  lighting,  operating 
equipment,  computers  and  thousands  of  other 
uses.  This  requires  the  utility  to  bring  additional, 
more  costly  generating  sources  on  line  to  handle 
its  increased  demand.  Commercial  users  whose 
large  air  conditioning  loads  contribute  to  these 
added  generating  requirements  are  assessed  an 
additional  charge  based  on  their  highest  on-peak 
demand  for  electricity. 

An  Ice  Bank  Stored  Cooling  System  is  either  a 
load-shifting  or  load-leveling  method  which  will 
significantly  lower  demand  charges  during  the 
air  conditioning  season  and,  consequently, 
energy  costs.  It  uses  a  standard  packaged  chiller 
to  produce  solid  ice  at  night  during  off-peak 
periods  when  the  building's  electrical  needs  are 
at  a  minimum.  The  ice  is  built  and  stored  in 
modular  ice  tanks  to  provide  cooling  to  help  meet 
the  building’s  air  conditioning  load  requirement 
the  following  day. 


Making  ice  at  night  and  using  its  stored  energy 
during  the  day  is  not  a  new  or  experimental  idea. 
This  concept  had  been  employed  for  years  in 
cooling  short-peak  applications  such  as  churches 
and  theatres.  However,  longer  peak  uses  were 
served  by  air-source  rooftop  and  chiller-type 
air  conditioners  which  were  less  costly  to  install. 
Now  there  is  renewed  interest  in  a  broad  use  of 
ice-making  systems  by  both  users  and  utilities 
as  the  best  way  to  offset  rising  operating  costs. 

In  fact,  Stored  Cooling  Systems  are  what  summer- 
peaking  utilities  must  have  to  avoid  the  unbearable 
costs  of  new  generating  plants. 

Ice  Banks  not  only  can  cut  operating  costs  in  half 
but  they  can  also  substantially  reduce  capital 
outlays  when  systems  are  suitably  designed  for 
new  commercial  and  industrial  buildings. 
Engineers  can  specify  half-size  chillers  operating 
24  hours  a  day  rather  than  full-size  chillers 
operating  only  10  or  12  hours  per  day.  In  retrofit 
applications,  an  Ice  Bank  Stored  Cooling  System 
can  often  provide  cooling  for  an  addition  to  a 
building  without  adding  chiller  capacity. 


Atlantic  Southern  Properties  Mays  Landing  NJ 


2 
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How  the  LEV  LOAD  System  Works 


The  LEVLOAD  Ice  Bank  is  a  modular,  insulated  polyethylene 
tank  containing  a  spiral-wound  plastic  tube  heat  exchanger 
surrounded  with  water.  They  are  available  in  four  sizes -90, 
100, 190  and  570  ton-hours.  At  night,  a  75  percent  water - 
25  percent  glycol  solution  from  a  standard  packaged  air 
conditioning  chiller  circulates  through  the  heat  exchanger 
and  extracts  heat  until  eventually  all  the  water  in  the  tank 
is  frozen  solid.  The  ice  is  built  uniformly  throughout  the  tank 
by  the  patented  temperature-averaging  effect  of  closely 
spaced  counterflow  heat  exchanger  tubes,  Figure  5.  Water 
does  not  become  surrounded  by  ice  during  the  freezing 
process  and  can  move  freely  as  ice  forms,  preventing 
stress  or  damage  to  the  tank. 


Typical  flow  diagrams  for  a  Partial  Storage  System  are 
shown  in  Figures  6  and  7. 

At  night,  the  water-glycol  solution  circulates  through  the 
chiller  and  the  Ice  Bank  heat  exchanger,  bypassing  the 
air  handler  coil.  The  fluid  is  at  26F  and  freezes  the  water 
surrounding  the  heat  exchanger. 

During  the  day,  the  solution  is  cooled  by  the  Ice  Bank  from 
52F  to  34F  A  temperature  modulating  valve  set  at  44F  in  a 
bypass  loop  around  the  Ice  Bank  permits  a  sufficient  quantity 
of  52F  fluid  to  bypass  the  Ice  Bank,  mix  with  the  34F  fluid, 
and  achieve  the  desired  44F  temperature.  The  44F  fluid 
enters  the  coil,  where  it  cools  air  from  75F  to  55R  The  fluid 
leaves  the  coil  at  60F;  enters  the  chiller  and  is  cooled  to  52F 

It  should  be  noted  that,  while  making  ice  at  night  the 
chiller  must  cool  the  water-glycol  solution  to  26F;  rather 
than  produce  44  or  45F  water  temperatures  required  for 
conventional  air  conditioning  systems.  This  has  the  effect 
of  "derating”  the  nominal  chiller  capacity  by  approximately 
30  percent.  Compressor  efficiency,  however,  is  only  slightly 
reduced  because  lower  nighttime  temperatures  result  in 
cooler  condenser  water  from  the  cooling  tower  and  help 
keep  the  unit  operating  efficiently.  Similarly,  air  cooled 
chillers  benefit  from  cooler  condenser  entering  air 
temperatures  at  night. 

The  temperature  modulating  valve  In  the  bypass  loop  has 
the  added  advantage  of  providing  unlimited  capacity 
control.  During  many  mild  temperature  days  In  the  spring 
and  fall,  the  chiller  will  be  capable  of  providing  all  the 
necessary  cooling  for  the  building  without  assistance  from 
stored  cooling.  When  the  building's  actual  cooling  load  is 
equal  to  or  lower  than  the  chiller  capacity,  all  of  the  system 
coolant  flows  through  the  bypass  loop,  as  in  Figure  8. 


26F 


Chiller 


32F 


Charge  Cycle  Figure  6 


Coil 


f - 

I  Automatic  Diverting  Valve 


Temperature 
Modulating  Valve 


Discharge  Cycle  Figure  7 


52F 


Ice  Bank  f  1  Temperature 

Modulating  Valve 


75F« 


Coil 


i^SSF 


44F 


Automatic  Diverting  Valve 


The  glycol  recommended  for  the  solution  is  an  ethylene 
glycol-based  industrial  coolant  such  as  Dow  Chemical 
Company’s  Dowtherm*  SR-1  or  Union  Carbide  Corporation's 
UCARTHERMf  which  are  specially  formulated  for  low 
viscosity  and  superior  heat  transfer  properties.  These  contain 
a  multi-component  corrosion  inhibitor  system  which  is 
effective  with  most  materials  of  construction,  including 
aluminum,  copper,  solder  and  plastics.  Unlike  automotive- 
type  anti-freeze,  they  produce  no  films  and  contain  no 
anti-leak  agents  to  interfere  with  heat  transfer  efficiency 
and  permit  use  of  standard  system  pumps,  seals  and  air 
handler  coils.  However,  because  of  the  slight  difference  in 
heat  transfer  coefficient  between  water-glycol  and  plain 
water,  coil  capacity  should  be  increased  by  approximately 
5  percent  It  is  also  important  that  the  water  and  glycol  be 
thoroughly  mixed  before  the  solution  enters  the  system. 
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LIFE  CYCLE  COST  ANALYSIS  SUMMARY  STUDY:  5676EC4 

ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP)  LCCID  1.035 

INSTALLATION  &  LOCATION:  FT.  SILL,  OKLAHOMA  REGION  NOS.  6  CENSUS:  3 
PROJECT  NO.  &  TITLE:  3002-000  ENERGY  STUDY  ARMY  BOILER/CHILLERS 
FISCAL  YEAR  1991  DISCRETE  PORTION  NAME:  ICE  STORAGE  COOLING  SYSTEM 
ANALYSIS  DATE:  04-18-91  ECONOMIC  LIFE  25  YEARS  PREPARED  BY:  KC 

1.  INVESTMENT 


A, 

CONSTRUCTION  COST 

$ 

40800. 

B, 

SIOH 

$ 

2244. 

C. 

DESIGN 

COST 

$ 

2448. 

D. 

ENERGY 

CREDIT  CALC 

(1A+1B+1C)X.9 

$ 

40943. 

E. 

SALVAGE 

VALUE  COST 

-$ 

0. 

F. 

TOTAL  INVESTMENT  ( 

ID-IE) 

$ 

40943. 

ENERGY  SAVINGS  (+)  / 

COST  (-) 

ANALYSIS  DATE  ANNUAL 

SAVINGS,  UNIT  COST  & 

DISCOUNTED  SAVINGS 

UNIT  COST  SAVINGS 

ANNUAL  $ 

DISCOUNT 

DISCOUNTED 

FUEL 

$/MBTU(l) 

MBTU/YR(2) 

SAVINGS ( 3 ) 

FACTOR(4) 

SAVINGS(5) 

A. 

ELECT 

$  4.01 

0. 

$ 

0. 

11.37 

0. 

B. 

DIST 

$  .00 

0. 

$ 

0. 

17.06 

0. 

C, 

RESID 

$  .00 

0, 

$ 

0. 

16.85 

0. 

D. 

NAT  G 

$  2.92 

0, 

$ 

0. 

17.52 

0. 

E. 

COAL 

$  .00 

0. 

$ 

0. 

13.34 

0. 

F. 

TOTAL 

0. 

$ 

0. 

$ 

0. 

NON  ENERGY 

SAVINGS (+) 

/  COST(-) 

A. 

ANNUAL 

RECURRING 

(+/-) 

$ 

5361. 

(1)  DISCOUNT  FACTOR  (TABLE  A) 

(2)  DISCOUNTED  SAVING/COST  (3A  X 

3A1) 

11.65 

$ 

62456. 

C. 

TOTAL  NON  ENERGY  DISCOUNTED  SAVINGS (+) 

/COST(-) 

(3A2+3Bd4) 

$ 

62456. 

D. 

PROJECT  NON  ENERGY  QUALIFICATION 

TEST 

(1)  25%  MAX  NON  ENERGY  CALC  (2F5 

X  .33 

) 

$ 

0. 

A  IF  3D1  IS  =  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  =  (2F5+3D1)/1F)=  .00 

C  IF  3D1B  IS  =  >  1  GO  TO  ITEM  4 

D  IF  3D1B  IS  <  1  PROJECT  DOES  NOT  QUALIFY 

4.  FIRST  YEAR  DOLLAR  SAVINGS  2F3+3A+ ( 3B1D/ (YEARS  ECONOMIC  LIFE))  $  5361. 

5.,  TOTAL  NET  DISCOUNTED  SAVINGS  (2F5+3C)  $  62456. 

6.  DISCOUNTED  SAVINGS  RATIO  (SIR)=(5  /  1F)=  1.53 

(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 

****  Project  does  not  qualify  for  ECIP  funding;  4,5,6  for  information  only. 

7.  SIMPLE  PAYBACK  PERIOD  (ESTIMATED)  SPB=lF/4  7.64 
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ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 
FT.  SILL,  OKLAHOMA 

CENTRAL  PLANT:  5676 

ENERGY  CONSERVATION  OPPORTUNITY:  ECO-  5{A) 

SYSTEM  MODIFICATION:  TWO  SPEED  FANS  FOR  COOLING  TOWER 
SYSTEMS  TO  MODIFY:  COOLING  TOWER 


CALCULATION  DESCRIPTION: 

Two  spread  sheets  are  compared  to  determine  the  energy  savings  for 

ECO -5,  install  two- speed  (5A)  or  variable  speed  (5B)  motors  for  cooling  tower. 

The  spread  sheets  is  a  simulation  of  the  existing  structure,  equipment,  and 

systems,  and  how  they  are  presently  operated.  The  spread  sheets  is  also  a 

simulation  of  the  existing  building  with  modifications  implemented  in  the  systems,  equipment, 

or  the  operation.  The  difference  in  the  totals  from  the  spread  sheets  represents  the  savings. 


ANNUAL  UTILITY  SAVINGS 


PC  CUBE  RUN 

Electric 

Nat.  Gas 
(MMBtu) 

Total  Energy 
(MMBtu) 

Demand(kW) 

Enerqy(kWh) 

Baseline 

— 

6,497 

— 

22 

ECO 

— 

2,397 

— 

8 

Savings  (Baseline-ECO) 

0 

4.100 

0 

14 

NOTE:  The  savings  for  this  ECO  did  not  consider  any  interrelated  savings  with  other 

ECOs  identified  as  economically  feasible. 


ENERGY  COST  SAVINGS: 


Electricity: 

14  MMBtu/Yr  X 

$4.0141  /MMBtu  = 

$56  per  year 

Nat.  Gas; 

0  MMBtuA'r  X 

$2.92/MMBtu  = 

$0  per  year 

Total  Energy  Cost  Savings: 

$56  + 

$0 

$56  per  year 

NON -ENERGY  SAVINGS  (+).  COST  (-): 

Demand: 

0  kW/month  X 

$1.787/kW  X 

12  months/year 

=  (+) 

$0  per  year 

Maintenance; 

=  (-) 

$0  per  year 

Total: 

$0 

$0 

$0  per  year 

[ECO-SHT.WK3] 
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Two-speed  cooling  tower  and  variable  speed  cooling  tower  calculation  description: 


1.  The  design  conditions  were  taken  from  the  original  design  documents,  including  wet 
bulb  temperatures,  condenser  water  flow,  and  condenser  supply  and  return 
temperatures. 

2.  Based  on  an  assumed  liquid  to  gas  ratio,  the  delta  enthalpy  was  calculated  for  entering 
air  versus  leaving  air  conditions.  The  final  total  enthalpy  of  the  leaving  air  was 
calculated  based  on  the  design  entering  air  enthalpy  plus  the  delta  enthalpy. 

3.  The  fan  motor  kW  is  based  on  field  measurements. 

4.  The  "WET  BULB  AVERAGES"  are  the  wet  bulb  temperatures  calculated  for  4  hour  bins, 
for  each  cooling  month,  from  ASHRAE  weather  data  for  Oklahoma  City,  Oklahoma 
(part  1). 

5.  The  "ENTHALPY  FOR  AVERAGE  WET  BULBS"  are  the  enthalpy  for  each  of  the  wet- 
bulb  (part  1.),  determined  from  look-up  tables  (part  2). 

6.  The  "COOLING  PROFILE  OF  CENTRAL  PLANTS,"  is  the  average  %  load  estimated  for 
the  chiller  plant,  for  the  time  bins  (part  3).  Note  there  is  0%  load  for  those  hours  when 
the  chiller  is  assximed  to  be  off. 

The  "PEAK  LOAD"  per  month  is  the  estimated  peak  hourly  load  (part  3,  last  column). 

7.  The  "RATIO  OF  AVERAGE  MONTHLY  ENTHALPY  TO  DESIGN  ENTHALPr  for  time 
bins  (part  4)  = 

(Total  exit  air  design  enthalpy  minus  average  monthly  enthalpy,  part  2)  /  (entering  air 
design  enthalpy) 

The  "DAYS  PER  MONTH  OPER."  is  the  total  days  per  month  the  cooling  tower 
operates  (part  4,  last  columm). 

8.  The  "%  DESIGN  LOAD"  on  tower  for  time  bins  (part  5)  = 

(%  load  on  plant,  part  3  *  monthly  peak  load,  part  3)  /  (  Highest  monthly  peak  load, 
part  3)  *  ( 1  /  ratio  of  monthly  enthalpy,  part  4) 

9.  For  a  single  speed  cooling  tower  fan  the  energy  usage  (kWh)  is  based  on  the  idea  that 
the  tower  fan  cycle  in  direct  proportion  to  the  %  design  load  on  the  tower,  (part  6)  = 

kWh  per  bin  =  (total  fan  power  kW)  *  (%  design  load,  part  5*4  hours  per  bin  *  days 
per  month) 

Total  kWh  =  sum  of  all  kWh  bins 
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10.  For  a  two-speed  cooling  tower  fan  the  energy  usage  (kWh)  is  based  on  the  premise  that 
when  a  tower  cell  is  at  less  than  50%  of  its  design  load,  it  operates  at  half  speed.  A  fan 
running  at  half  speed  uses  14%  of  the  maximum  power  input  (part  7).  The  control 
sequence  is: 

•  0-50%  load,  fan  1,  half  speed  cycling. 

•  50-100%  load,  fan  1  full  speed  cycling. 

kWh  per  bin,  for  %  design  loads  less  than  50%  load  =  (fan  1  power  kW)  *  14%  * 
(%design  load  /  50)  *  4  hours  per  bin  *  days  per  month. 

kWh  per  bin,  for  %  design  loads  50%  to  100%  load  =  ( fan  1  power  kW  *  ((%  design 
load)/  100)  *  4  hours  per  bin  *  days  per  month  ) 

kWh  total  =  sum  of  all  kWh  bins 


11  For  a  variable  speed  cooUng  tower  fan  the  energy  usage  (kWh)  is  based  on  the  prermse 
that  the  tower  fan  percent  air  volume  is  directly  proportional  to  the  percent  load  on  the 
cooUng  tower;  and  the  fan  energy  is  proportational  to  the  cube  of  the  air  volume.  The 
calculations  take  into  account  multi-cell  towers  (part  8): 

kWh  per  bin,  for  0  to  100%  load  =  (  total  fan  power  kW)  *  ((%  design  load)^  /  80% 
efficiency  )  *  4  hours  per  bin  *  days  per  month. 

kWh  total  =  sum  of  all  kWh  bins 
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CENTRAL  PLANT  5676 

DESIGN  CONDITIONS 

-  WBT  (DB.  DEG  F) 

77 

-  WATER  FLOW  (gpm) 

525 

-  CNWR  (DEG  F) 

95 

-  CNWS  (DEG  F) 

85 

ASSUMPTION  LIQUID  TO  GAS  RATIO 

2 

-  AIR  FLOW  (LBS/MIN) 

2178.75 

HEAT  REJECTION  CAPACITY  (Btu/min) 

43575 

DELTA  ENTHALPY  (Btu/lb) 

20 

DESIGN  ENTHALPY  (Btu/lb) 

40.57 

TOTAL  ENTHALPY 

60.57 

EXIT  AIR  WB  (LOOK  UP) 

93.2 

SPECIFIC  VOLUME  OF  EXIT  AIR  (LOOK  UP) 

15.1 

100%  DESIGN  CFM  @  WB 

32899 

MOTOR  DATA 

-  FAN  1  POWER  (kW) 

5.6 

-  FAN  2  POWER  (kW) 

0 

-  FAN  3  POWER  (kW) 

0 

-  FAN  4  POWER  (kW) 

0 

ASHRAE  WEATHER  DATA  -  OKLAHOMA  CITY,  OKLAHOMA 


WET- BULB  AVERAGES  ( 

[4  hour  bins) 

DESIGN 

WB 

1-4 

5-8 

9-12 

13-16 

17-20 

21  -24 

APRIL 

48.6 

47.8 

52.2 

55.6 

54.6 

51.4 

77 

MAY 

57.1 

56.6 

61.2 

63.9 

63 

59.4 

77 

JUNE 

66.8 

66.6 

69.9 

71 

70.5 

68.2 

77 

JULY 

70.8 

70.9 

74.5 

76 

74.9 

72.6 

77 

AUGUST 

66.9 

67 

71 

72 

71 

68.5 

77 

SEPTEMBER 

65.1 

64.9 

67.8 

68.9 

67.4 

65.6 

77 

OCTOBER 

51.2 

50.4 

55.1 

57.5 

55.2 

52.5 

77 
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ENTHALPY  FOR  AVERAG 

E  WET- BULBS 

bESIGN 

1-4 

5-8 

9-12 

13-16 

17-20 

21-24 

ENTHALPY 

APRIL 

19.64 

19.11 

21.55 

23.58 

22.98 

21.09 

40.57 

MAY 

24.53 

24.21 

27.28 

29.23 

28.57 

26.06 

40.57 

JUNE 

31.47 

31.31 

34.01 

34.95 

34.51 

32.59 

40.57 

JULY 

34.77 

34.86 

38.14 

39.57 

38.52 

36.37 

40.57 

AUGUST 

31.54 

31.62 

34.95 

35.83 

34.95 

32.84 

40.57 

SEPTEMBER 

30.13 

29.98 

32.25 

33.09 

31.93 

30.52 

40.57 

OCTOBER 

20.98 

20.53 

23.28 

24.72 

23.34 

21.72 

40.57 

PEAK 

COOLING  PROFILE  OF  C 

ENTRAL  PLANTS 

LOAD 

1-4 

5-8 

9-12 

13-16 

17-20 

21-24 

(Btuh) 

APRIL 

0 

0 

0 

0 

0 

0 

0 

MAY 

0.3 

0.3 

0.7 

0.7 

6.3 

0.3 

1509000 

JUNE 

0.3 

0.3 

0.7 

0.7 

0.3 

0.3 

1582000 

JULY 

0.3 

0.3 

0.7 

0.7 

0.3 

0.3 

1582000 

AUGUST 

0.3 

0.3 

0.7 

0.7 

0.3 

0.3 

1582000 

SEPTEMBER 

0.3 

0.3 

0.7 

0.7 

0.3 

0.3 

1582000 

OCTOBER 

0 

0 

0 

0 

0 

0 

0 

RATIO  OF  MONTHLY  EMI 

rHALPY  TO  DESIGN  ENTHALPY 

DAYS  PER 
MONTH  OPER. 

1-4 

5-8 

9-12 

13-16 

17-20 

21-24 

APRIL 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

30 

MAY 

1.8 

1.8 

I.7I 

1.6 

1.6 

1.7 

31 

JUNE 

1.5 

1.5 

1.3 

1.3 

1.3 

1.4 

30 

JULY 

1.3 

1.3 

1.1 

1.1 

1.1 

1.2 

31 

AUGUST  1 

i.5 

1.4"! 

1.3 

1.2 

1.3 

1.4 

31 

SEPTEMBER 

1.5 

1.5 

1.4 

1.4 

1.4 

1.5 

30 

OCTOBER 

0.0 

6.0 

0.0 

0.0 

0.0 

0.0 

31 
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1-4 

5-8 

9-12 

i  13-16 

17-20 

21  -24  MONTH  OPER 

APRIL 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

30 

MAY 

15.9 

15.7 

40.1 

42.6 

17.9 

16.6 

31 

JUNE 

20.6 

20.5 

52.7 

54.6 

23.0 

21.4 

30 

JULY 

23.3 

23.3 

62.4 

66.7 

27.2 

24.8 

31 

AUGUST 

20.7 

20.7 

54.6 

56.6 

23.4 

21.6 

31 

SEPTEMBER 

19.7 

19.6 

49.4 

50.9 

20.9 

20.0 

30 

OCTOBER 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

31 

1-4 

cn 

1 

CO 

9-12 

13-16 

17-20 

21  -24 

(kWh) 

APRIL 

0 

0 

0 

0 

0 

0 

MAY 

110 

109 

279 

296 

124 

115 

JUNE 

139 

138 

354 

367 

155 

144 

JULY 

161 

162 

433 

463 

189 

172 

AUGUST 

144 

144 

379 

393 

163 

150 

SEPTEMBER 

132 

132 

332 

342 

141 

134 

OCTOBER 

0 

0 

0 

0 

0 

r  0 

TOTAL 

686 

685 

1778 

1861 

771 

716 

6497 

TWO  SPEED  CONTROL  (kWh 


APRIL 

MAY _ 

JUNE 

JULY _ 

AUGUST 

SEPTEMBER 

OCTOBER 

TOTAL 


5-8 

9-12 

13-16 

17-20 

21-24 

0 

0 

0 

0 

0 

0 

31 

31 

78 

83 

35 

32 

39 

39 

131 

157 

43 

40 

45 

45 

270 

329 

53 

48 

40 

40 

162 

189 

46 

42 

37 

37 

93 

107 

39 

38 

0 

0 

0 

0 

0 

0 

192 

192 

733 

864 

216 

200 

TOTAL 

(kWh) 
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LIFE  CYCLE  COST  ANALYSIS  SUMMARY  STUDY:  5676EC5A 

ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP)  LCCID  1.035 

INSTALLATION  &  LOCATION:  FT.  SILL,  OKLAHOMA  REGION  NOS.  6  CENSUS:  3 
PROJECT  NO.  &  TITLE:  3002-000  ENERGY  STUDY  ARMY  BOILER/ CHILLERS 
FISCAL  YEAR  1991  DISCRETE  PORTION  NAME:  TWO  SPEED  COOLING  TOWER 
ANALYSIS  DATE:  04-11-91  ECONOMIC  LIFE  25  YEARS  PREPARED  BY:  KC 

1 .  INVESTMENT 


A. 

CONSTRUCTION  COST 

$ 

4072. 

B. 

SIOH 

$ 

224. 

C. 

DESIGN 

COST 

$ 

245. 

D. 

ENERGY 

CREDIT  CALC  ( 1A+1B+1C)X. 9 

$ 

4087. 

E. 

SALVAGE 

VALUE  COST 

-$ 

0. 

F, 

TOTAL  INVESTMENT  (ID- 

■IE) 

$ 

4087. 

ENERGY  SAVINGS  (+)  /  COST  (-) 

ANALYSIS  DATE  ANNUAL  SAVINGS,  UNIT  COST  & 

DISCOUNTED  SAVINGS 

UNIT  COST 

SAVINGS 

ANNUAL  $ 

DISCOUNT 

DISCOUNTED 

FUEL 

$/MBTU(l) 

MBTU/YR(2) 

SAVINGS ( 3 ) 

FACTOR(4) 

SAVINGS ( 5 ) 

A. 

ELECT 

$  4.01 

14. 

$ 

56. 

11.37 

639. 

B. 

DIST 

$  .00 

0. 

$ 

0. 

17.06 

0. 

C, 

RESID 

$  .00 

0. 

$ 

0. 

16.85 

0. 

D. 

NAT  G 

$  2.92 

0. 

$ 

0. 

17.52 

0. 

E. 

COAL 

$  .00 

0. 

$ 

0. 

13.34 

0. 

F. 

TOTAL 

14. 

$ 

56. 

$ 

639. 

NON  ENERGY 

SAVINGS (+)  / 

COST ( - ) 

A. 

ANNUAL 

RECURRING  (+/ 

$ 

0. 

(1)  DISCOUNT  FACTOR 

(TABLE  A) 

11.65 

(2)  DISCOUNTED  SAVING/ COST  (3A  X 

3A1) 

$ 

0. 

C. 

TOTAL  NON  ENERGY  DISCOUNTED  SAVINGS (+) 

/COST(-) 

(3A2+3Bd4) 

$ 

0. 

D. 

PROJECT  NON  ENERGY  QUALIFICATION 

TEST 

(1)  25%  MAX  NON  ENERGY  CALC  (2F5  X  .33)  $  211. 

A  IF  3D1  IS  =  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  =  (2F5+3D1)/1F)= 

C  IF  3D1B  IS  =  >  1  GO  TO  ITEM  4 

D  IF  3D1B  IS  <  1  PROJECT  DOES  NOT  QUALIFY 

4.  FIRST  YEAR  DOLLAR  SAVINGS  2F3+3A+ ( 3B1D/ (YEARS  ECONOMIC  LIFE))  $  56. 

5.  TOTAL  NET  DISCOUNTED  SAVINGS  (2F5+3C)  $  639. 

6.  DISCOUNTED  SAVINGS  RATIO  {SIR)=(5  /  1F)=  .16 

(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 

7.  SIMPLE  PAYBACK  PERIOD  (ESTIMATED)  SPB=lF/4  72.78 
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ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 
FT.  SILL.  OKLAHOMA 


CENTRAL  PLANT:  5676 

ENERGY  CONSERVATION  OPPORTUNITY:  ECO-  5(B) 

SYSTEM  MODIFICATION:  VARIABLE  SPEED  DRIVE  FOR  COOLING  TOWER 
SYSTEMS  TO  MODIFY:  COOLING  TOWER 


CALCULATION  DESCRIPTION: 

Two  spread  sheets  are  compared  to  determine  the  energy  savings  for 
ECO-5,  install  two-speed  (5A)  or  variable  speed  (5B)  motors  for  cooling  tower. 

The  spread  sheets  is  a  simulation  of  the  existing  structure,  equipment,  and 

systems,  and  how  they  are  presently  operated.  The  spread  sheets  is  also  a 

simulation  of  the  existing  building  with  modifications  implemented  in  the  systems,  equipment, 

or  the  operation.  The  difference  in  the  totals  from  the  spread  sheets  represents  the  savings. 


ANNUAL  UTILITY  SAVINGS 


PC  CUBE  RUN 

E 

lectric 

Nat.  Gas 
(MMBtu) 

Total  Energy 
(MMBtu) 

Demand(kW) 

Enerqy(kWh) 

Baseline 

— 

6,497 

— 

22 

ECO 

— 

1,527 

— 

5 

Savings  (Baseline-ECO) 

0 

4.970 

0 

17 

NOTE:  The  savings  for  this  ECO  did  not  consider  any  interrelated  savings  with  other 

ECOs  identified  as  economically  feasible. 


ENERGY  COST  SAVINGS: 

Electricity: 

Nat.  Gas; 

Total  Energy  Cost  Savings; 


17  MMBtum  X 

0  MMBtu/Yr  X 

$68  + 


$4.0141  /MMBtu  = 
$2.92/MMBtu  = 

$0 


NON-ENERGY  SAVINGS  (+),  COST  (-): 

Demaid:  0  kW/month  X 

=  (+)  ■  $0  per  year 

=  (-)  $289  per  year 


$1.787/kW  X 


$68  per  year 
$0  per  year 
$68  per  year 

12  months/year 


Maintenance: 

Total: 


$0 


$289 


($289)  per  year 


[ECO-SHT.WK3] 
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Two-speed  cooling  tower  and  variable  speed  cooling  tower  calculation  description: 


1.  The  design  conditions  were  taken  from  the  original  design  documents,  including  wet 
bulb  temperatures,  condenser  water  flow,  and  condenser  supply  and  return 
temperatures. 

2.  Based  on  an  assumed  liquid  to  gas  ratio,  the  delta  enthalpy  was  calculated  for  entering 
air  versus  leaving  air  conditions.  The  final  total  enthalpy  of  the  leaving  air  was 
calculated  based  on  the  design  entering  air  enthalpy  plus  the  delta  enthalpy. 

3.  The  fan  motor  kW  is  based  on  field  measurements. 

4.  The  "WET  BULB  AVERAGES"  are  the  wet  bulb  temperatures  calculated  for  4  hour  bins, 
for  each  cooling  month,  from  ASHRAE  weather  data  for  Oklahoma  City,  Oklahoma 
(part  1). 

5.  The  "ENTHALPY  FOR  AVERAGE  WET  BULBS"  are  the  enthalpy  for  each  of  the  wet- 
bulb  (part  1.),  determined  from  look-up  tables  (part  2). 

6.  The  "COOLING  PROFILE  OF  CENTRAL  PLANTS,"  is  the  average  %  load  estimated  for 
the  chiller  plant,  for  the  time  bins  (part  3).  Note  there  is  0%  load  for  those  hours  when 
the  chiller  is  assumed  to  be  off. 

The  "PEAK  LOAD"  per  month  is  the  estimated  peak  hourly  load  (part  3,  last  column). 

7.  The  "RATIO  OF  AVERAGE  MONTHLY  ENTHALPY  TO  DESIGN  ENTHALPY"  for  time 
bins  (part  4)  = 

(Total  exit  air  design  enthalpy  minus  average  monthly  enthalpy,  part  2)  /  (entering  air 
design  enthalpy) 

The  "DAYS  PER  MONTH  OPER."  is  the  total  days  per  month  the  cooling  tower 
operates  (part  4,  last  columm). 

8.  The  "%  DESIGN  LOAD"  on  tower  for  time  bins  (part  5)  = 

(%  load  on  plant,  part  3  *  monthly  peak  load,  part  3)  /  (  Highest  monthly  peak  load, 
part  3)  *  ( 1  /  ratio  of  monthly  enthalpy,  part  4) 

9.  For  a  single  speed  cooling  tower  fan  the  energy  usage  (kWh)  is  based  on  the  idea  that 
the  tower  fan  cycle  in  direct  proportion  to  the  %  design  load  on  the  tower,  (part  6)  = 

kWh  per  bin  =  (total  fan  power  kW)  *  (%  design  load,  part  5*4  hours  per  bin  *  days 
per  month) 

Total  kWh  =  sum  of  all  kWh  bins 
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10. 


For  a  two-speed  cooling  tower  fan  the  energy  usage  (kWh)  is  based  on  the  premise  that 
when  a  tower  cell  is  at  less  than  50%  of  its  design  load,  it  operates  at  half  speed.  A  fan 
running  at  half  speed  uses  14%  of  the  maximum  power  input  (part  7).  The  control 
sequence  is; 

•  0-50%  load,  fan  1,  half  speed  cycling. 

•  50-100%  load,  fan  1  full  speed  cycling. 

kWh  per  bin,  for  %  design  loads  less  than  50%  load  =  (fan  1  power  kW)  *  14%  * 
(%design  load  /  50)  *  4  hours  per  bin  days  per  month. 

kWh  per  bin,  for  %  design  loads  50%  to  100%  load  =  (  fan  1  power  kW  *  ((%  design 
load)/  100)  *  4  hours  per  bin  *  days  per  month  ) 

kWh  total  =  sum  of  all  kWh  bins 


1 1 .  For  a  variable  speed  cooling  tower  fan  the  energy  usage  (kWh)  is  based  on  the  premise 
that  the  tower  fan  percent  air  volume  is  directly  propi)rtional  to  the  percent  load  on  the 
cooling  tower;  and  the  fan  energy  is  proportational  to  the  cube  of  the  air  volume.  The 
calculations  take  into  account  multi-cell  towers  (part  8): 

kWh  per  bin,  for  0  to  100%  load  =  (  total  fan  power  kW)  *  ((%  design  load)’  /  80% 
efficiency  )  *  4  hours  per  bin  *  days  per  month. 

kWh  total  =  sum  of  all  kWh  bins 
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CENTRAL  PLANT  5676 

DESIGN  CONDITIONS 

-  WBT  (DB.  DEG  F) 

77 

-  WATER  FLOW  (qpm) _ 

525 

-  CNWR  (DEG  F) 

95 

-  CNWS  (DEG  F) 

85 

ASSUMPTION  LIQUID  TO  GAS  RATIO 

2 

-  AIR  FLOW  (LBS/MIN) 

2178.75 

HEAT  REJECTION  CAPACITY  (Btu/min) 

43575 

DELTA  ENTHALPY  (Btu/lb) 

20 

DESIGN  ENTHALPY  (Btu/Ib) 

40.57 

TOTAL  ENTHALPY 

60.57 

EXIT  AIR  WB  (LOOK  UP) 

93.2 

SPECIFIC  VOLUME  OF  EXIT  AIR  (LOOK  UP) 

15.1 

100%  DESIGN  CFM  @  WB 

32899 

MOTOR  DATA 

-  I^N  1  POWER  (kW) 

5.6 

-  FAN  2  POWER  (kW) 

0 

-  FAN  3  POWER  (kW) 

0 

-  FAN  4  POWER  (kW) 

0 

ASHRAE  WEATHER  DATA  -  OKLAHOMA  CITY,  OKLAHOMA 


WET- BULB  AVERAGES  { 

4  hour  bins) 

DESIGN 

WB 

1-4 

5-8 

9-12 

13-16 

17-20 

21-24 

APRIL 

48.6 

47.8 

52.2 

55.6 

54.6 

51.4 

77 

MAY 

57.1 

56.6 

61.2 

63.9 

63 

59.4 

77 

JUNE 

66.8 

66.6 

69.9 

71 

70.5 

68.2 

77 

JULY 

70.8 

70.9 

74.5 

76 

74.9 

72.6 

77 

AUGUST 

66.9 

67 

71 

72 

71 

68.5 

77 

SEPTEMBER 

65.1 

64.9 

67.8 

68.9 

67.4 

65.6 

77 

OCTOBER 

51.2 

50.4 

55.1 

57.5 

55.2 

52.5 

77 
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ENTHALPY  FOR  AVERAG 

E  WET- BULBS 

DESIGN 

1-4 

5-8 

9-12 

13-16 

17-20 

21-24 

ENTHALPY 

APRIL 

19.64 

19.11 

21.55 

23.58 

22.98 

21.09 

40.57 

MAY 

24.53 

24.21 

27.28 

29.23 

28.57 

26.06 

40.57 

JUNE 

31.47 

31.31 

34.01 

34.95 

34.51 

32.59 

40.57 

JULY 

34.77 

34.86 

38.14 

39.57 

38.52 

36.37 

40.57 

AUGUST 

31.54 

31.62 

34.95 

35.83 

34.95 

32.84 

40.57 

SEPTEMBER 

30.13 

29.98 

32.25 

33.09 

31.93 

30.52 

40.57 

OCTOBER 

20.98 

20.53 

23.28 

24.72 

23.34 

21.72 

40.57 

PEAK 

COOLING  PROFILE  OF  C 

ENTRAL  PLANTS 

LOAD 

1-4 

5-8 

9-12 

13-16 

17-20 

21-24 

(Btuh) 

APRIL 

0 

0 

0 

0 

0 

0 

0 

MAY 

0.3 

0.3 

0.7 

0.7 

0.3 

0.3 

1509000 

JUNE 

0.3 

0.3 

0.7 

0.7 

0.3 

0.3 

1582000 

JULY 

0.3 

0.3 

0.7 

0.7 

0.3 

0.3 

1582000 

AUGUST 

0.3 

0.3 

0.7 

0.7 

0.3 

0.3 

1582000 

SEPTEMBER 

0.3 

0.3 

0.7 

0.7 

0.3 

0.3 

1582000 

OCTOBER 

0 

0 

0 

0 

0 

0 

0 

RATIO  OF  MONTHLY  EN1 

’HALPY  TO  DESIGN  ENTHALPY 

DAYS  PER 
MONTH  OPER. 

1-4 

5-8 

9-12 

13-16 

17-20 

21-24 

APRIL 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

30 

MAY 

1.8 

1.8 

1.7 

1.6 

1.6 

1.7 

31 

JUNE 

1.5 

1.5 

1.3 

1.3 

1.3 

1.4 

30 

JULY 

1.3 

1.3 

1.1 

1.1 

1.1 

1.2 

31 

AUGUST 

1.5 

1.4 

1.3 

1.2 

1.3 

1.4 

31 

SEPTEMBER 

1.5 

1.5^ 

1.4 

1.4 

1.4 

1.5 

30 

OCTOBER 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

31 
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%  DESIGN  LOAD 


AUGUST 

SEPTEMBER 

OCTOBER 


■J2 _ 

0.0 

40.1 

52.7 

62.4 
54.6 

49.4 

0.0 


13-16 

0.0 

42.6 


17-20 

0.0 

17.9 
_ 23.0 

27.2 

23.4 

20.9 
0.0 


AUGUST 

SEPTEMBER 

OCTOBER 

TOTAL 


1-4 

5-8 

9-12 

APRIL 

0 

0 

0 

MAY 

31 

31 

78 

JUNE 

39 

39 

131 

JULY 

45 

45 

270 

AUGUST 

40 

40 

162 

SEPTEMBER 

37 

37 

93 

OCTOBER 

0 

0 

0 

TOTAL 

192 

192 

733 

SINGLE  SPEED  CONTROL  (kWh 
9-12  n  13-16  17-2 

_ 0_ _ g _ 

_ 279  _ 296 _ 

354'  367 _ 

433  463  _ 

379  393  _ 1 

332  342  _ 1 

_ g_ _ OL _ _ _ 

17781  1861  I  7fi 

TWO  SPEED  CONTROL  (kWh) 

9-12  I  13-16  I  17-20 

_ g _ g _ g 

_ 7g _ ag _ 3g 

_ 131 _ isg _ ^ 

_ 27g_ _ 3^ _ sg 

_ 162 _ 18g _ ^ 

_ 9g _ 1^ _ 39 

_ g _ g _ g 

733  864  216 


21-24 

0.0 

16.6 

_ 21.4 

24.8 

21.6 

20.0 

0.0 


AYS  PER 
/lONTH  OPER. 

_ 3g 

_ gL 

_ M 

_ gi_ 

_ gL 

_ ^ 

31 


15 

44 

72 

50 

34 

0 

16 

6497 

21-24 

_ g 

_ 3g 

_ ^ 

_ ^ 

_ ^ 

_ 3g 

0 


20 


TOTAL 

(kWh) 


D-5676-23 


D-5676-24 


CO  o  -’t 

1^  o  o 

U)  U) 

rvT  « 


O  O  CO 
O  CM  CNJ 
U)  CO 


CMCOCOOCM^IOCO 
COO^r-O^CON 
^WCOOCOCOCMO 
CO  44  4^ 


CO(OU>COCO(Oh>CO 

Tj-U5COa)'r-OCO^ 

oorrcMinr^cocMin 


CM  ^  ^  CO 
44  44 


9  oc 

10  LLI  UJ 

<  Q  X 

9  o  t 

<  o  o 


< 

rr 

tu 

o 

o 

o 

H 

0) 

o 

o 

o 

o 

S  C 

c> 

c> 

GO 

2  5 

o 

CM! 

CM 

a 

U) 

CO 

CM 

^coco^Ttweoco 

COUOCOCMCOOCMCO 

C044«4^^U)44IA 


«  8  S  8 

3  ^ 


o  ^ 
X 


^  O  -r-  O 

X  C  ^  0>’ 


J  J  l2  53  2 


OJ  ^ 

a  °  I 
I  = 


O  T  H 

ti  a  u: 


“  o  ^ 
w  z  o 


IS  UJ  O  $  z  <1! 

3  >  C  O  O  3  2 

CO  O  CL  O  O  CO  (0 


D-5676-25 


LIFE  CYCLE  COST  ANALYSIS  SUMMARY  STUDY:  5676EC5B 

ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP)  LCCID  1.035 

INSTALLATION  &  LOCATION;  FT.  SILL,  OKLAHOMA  REGION  NOS.  6  CENSUS:  3 

PROJECT  NO.  &  TITLE:  3002-000  ENERGY  STUDY  ARMY  BOILER/CHILLERS 
FISCAL  YEAR  1991  DISCRETE  PORTION  NAME:  TWO  SPEED  COOLING  TOWER 
ANALYSIS  DATE:  04-11-91  ECONOMIC  LIFE  25  YEARS  PREPARED  BY:  KC 


1 .  INVESTMENT 

A.  CONSTRUCTION  COST 

B.  SIOH 

C.  DESIGN  COST 

D.  ENERGY  CREDIT  CALC  ( 1A+1B+1C)X. 9 

E.  SALVAGE  VALUE  COST 

F.  TOTAL  INVESTMENT  (ID-IE) 


$ 

$ 

$ 

$ 

-$ 

$ 


2.  ENERGY  SAVINGS  (+)  /  COST  (-) 

ANALYSIS  DATE  ANNUAL  SAVINGS,  UNIT  COST  &  DISCOUNTED  SAVINGS 


4811. 

265. 

289. 

4829. 

0. 

4829. 


UNIT  COST 

SAVINGS 

ANNUAL 

$ 

DISCOUNT 

DISCOUNTED 

FUEL 

$/MBTU ( 1 ) 

MBTU/YR(2) 

SAVINGS 

(3) 

FACTOR(4) 

SAVINGS ( 5 ) 

A. 

ELECT 

$ 

4.01 

17. 

$ 

68. 

11,37 

774. 

B. 

DIST 

$ 

.00 

0. 

$ 

0. 

17.06 

0. 

C. 

RESID 

$ 

.00 

0. 

$ 

0. 

16.85 

0. 

D, 

NAT  G 

$ 

2.92 

0. 

$ 

0. 

17.52 

0. 

E. 

COAL 

$ 

.00 

0. 

$ 

0. 

13.34 

0. 

F. 

TOTAL 

17, 

$ 

68. 

$  774. 

3.  NON  ENERGY  SAVINGS (+)  /  COST(-) 


A.  ANNUAL  RECURRING  (+/-) 

11.65 

$ 

-289 

(1)  DISCOUNT  FACTOR  (TABLE 

A) 

-3367 

(2)  DISCOUNTED  SAVING/COST 

(3A  X  3A1) 

$ 

C.  TOTAL  NON  ENERGY  DISCOUNTED 

SAVINGS (+)  /COST(-) 

(3A2+3Bd4) 

$ 

-3367 

D.  PROJECT  NON  ENERGY  QUALIFICATION  TEST 

(1)  25%  MAX  NON  ENERGY  CALC  (2F5  X  .33)  $  255. 

A  IF  3D1  IS  =  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  =  (2F5+3D1)/1F)=  _ 

C  IF  3D1B  IS  =  >  1  GO  TO  ITEM  4 

D  IF  3D1B  IS  <  1  PROJECT  DOES  NOT  QUALIFY 

4.  FIRST  YEAR  DOLLAR  SAVINGS  2F3+3A+ ( 3B1D/ (YEARS  ECONOMIC  LIFE))  $  -221. 

5.  TOTAL  NET  DISCOUNTED  SAVINGS  (2F5+3C)  $  -2593. 

6.  DISCOUNTED  SAVINGS  RATIO 
(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 

7.  SIMPLE  PAYBACK  PERIOD  (ESTIMATED) 


(SIR)=(5  /  1F)=  -.54 

SPB=1F/4  -21.86 
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ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 
FT.  SILL.  OKLAHOMA 


CENTRAL  PLANT:  5676 

ENERGY  CONSERVATION  OPPORTUNITY:  ECO-  6 

SYSTEM  MODIFICATION:  HIGH  EFFICIENCY  MOTOR  REPLACEMENT 
SYSTEMS  TO  MODIFY:  PUMP  &  COOLING  TOWER  MOTORS 


CALCULATION  DESCRIPTION: 

Analysis  spread  sheet  was  prepared  to  determine  the  energy  savings  for 
ECO-6,  install  high  efficiency  motors. 

It  was  estimated  that  the  electrical  energy  can  be  saved  by  installing  high  efficiency 
motors  based  on  the  motor  operating  hours  per  year. 


ANNUAL  UTILITY  SAVINGS 


NOTE:  The  savings  for  this  ECO  did  not  consider  any  interrelated  savings  with  other 

ECOs  identified  as  economically  feasible. 


ENERGY  COST  SAVINGS: 

Electricity:  83  MMBtuA'r  X  $4.0141  /MMBtu 

Nat.  Gas:  0  MMBtuA'r  X  $2.92  /MMBtu 

Total  Energy  Cost  Savings:  $333  +  $0  = 

NON-ENERGY  SAVINGS  (+).  COST  (-): 

Demand:  4  kW/month  X  $1 .787  /kW  X 

=  (+)  $86  per  year 

Maintenance:  =  (-)  $0  per  year 

Total:  $86  -  $0  = 


[ECO-SHT.WK31 


$333  per  year 
$0  per  year 
$333  per  year 

12  months/year 

$86  per  year 
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HIGH  EFFICIENCY 
MOTOR  REPLACEMENT 


LABOR  RATE: 

19.6  $/hr 

ELECTRIC  CONS. 

0.0137  $/l<WH 

ELECTRIC  DEMAND 

1.787  $/kW 

BLDG. 

EQUIPMENT 

MOTOR 

MOTOR 

MEAS 

MEAS 

MEAS 

EXST 

NEW 

KW 

HRS/ 

KWH/YR 

SVQS/ 

NO. 

SERVE 

HP 

FLA 

AMPS 

PF 

VOLT 

EFF 

EFF 

SVQS 

YEAR 

SVQS 

YEAR 

730 

CWP-1 

150.0 

179.0 

147.0 

0.87 

460 

90.19% 

95.00% 

5.73 

2641 

15120 

$330 

CWP-2 

150.0 

179.0 

148.0 

0.91 

460 

86.22% 

95.00% 

11.50 

1873 

21539 

$542 

CNWP-1 

50.0 

118.0 

107.0 

0.98 

230 

80.97% 

93.00% 

6.67 

2641 

17629 

$385 

CNWP-2 

50.0 

118.0 

107.0 

0.99 

230 

80.15% 

93.00% 

7.27 

468 

3405 

$203 

CNWP-3 

Nl 

Nl 

Nl 

CTM-1 

30.0 

71.4 

70.7 

0.93 

230 

84.60% 

92.40% 

2.61 

702 

1834 

$81 

CTM-2 

30.0 

71.4 

71.0 

0.87 

230 

90.44% 

92.40% 

0.58 

702 

405 

$18 

HWP-1 

50.0 

125.0 

117.5 

0.87 

230 

86.10% 

93.00% 

3.51 

3624 

12722 

$250 

HWP-2 

50.0 

125.0 

118.0 

0,87 

230 

86.10% 

93.00% 

3.53 

3624 

12776 

$251 

DEMANC 

)  CREDIT 

$888 

MMBtu 

292 

TOTAL 

41 

85430 

$2,058 

914 

CWP-1 

40.0 

48.0 

41.3 

0.87 

460 

89.69% 

93.00% 

1.14 

3672 

4178 

$82 

CNWP-1 

15.0 

19.0 

14.4 

0,82 

460 

90.15% 

90.20% 

0.01 

3672 

23 

$0 

CTM-1 

10.0 

15.0 

12.0 

0.82 

460 

76.12% 

89.50% 

1.54 

416 

640 

$42 

CTM-2 

10.0 

15.0 

12.0 

0.82 

460 

76.12% 

89.50% 

1.54 

416 

640 

$42 

HWP-1 

2.0 

6.2 

5.4 

0.87 

230 

69.43% 

84.00% 

0.47 

3624 

1694 

$33 

HWP-2 

2.0 

6.2 

5.6 

0.87 

230 

69.43% 

84.00% 

0.48 

3624 

1757 

$34 

DEMANI 

:>  CREDIT 

$111 

MMBtu 

30 

TOTAL 

5 

8932 

$233 

2812 

CWP-1 

20.0 

27.0 

23.0 

0.77 

460 

90.07% 

91.00% 

0.16 

3672 

5^ 

$11 

CNWP-1 

25.0 

31.5 

26.5 

0.82 

460 

91.18% 

91 .70% 

0.11 

3672 

394 

$8 

CTM-1 

15.0 

18.6 

18,6 

0.87 

460 

86.79% 

90.20% 

0.56 

1167 

655 

$21 

HWP-1 

7.5 

21.6 

18.5 

0.87 

230 

74.74% 

88.50% 

1.33 

5163 

6888 

$123 

HWP-2 

7.5 

21.6 

19.0 

0.87 

230 

74.74% 

88.50% 

1.37 

3672 

5031 

$98 

DEMANI 

0  CREDIT 

$76 

MMBtu 

46 

TOTAL 

4 

13554 

$261^^ 

3442 

CWP-1 

60.0 

73.0 

63.0 

0.84 

460 

91.62% 

94.50% 

1.40 

3672 

5158 

CWP-2 

60.0 

73.0 

63.4 

0.84 

460 

91.62% 

94.50% 

1.41 

3672 

5191 

CNWP-1 

40.0 

52.0 

41.0 

1  0.78 

460 

92.34% 

93.00% 

0.20 

3672 

721 

$14 

CNWP-2 

40.0 

52.0 

35.8 

0.78 

460 

92.34% 

93.00% 

0.17 

3672 

629 

$12 

CTM-1 

15.0 

18.3 

14.6 

0.87 

460 

88.21% 

90.20% 

0.25 

1169 

295 

$9 

CTM-2 

15.0 

18.3 

14.6 

0.87 

460 

88.21% 

90.20% 

0.25 

1169 

295 

$9 

CTM-3 

15.0 

18.3 

14.6 

0.87 

460 

88.21% 

90.20% 

0.25 

1169 

295 

$9 

CTM-4 

15.0 

18.3 

14.6 

0.87 

460 

88.21%  1 

90.20%  ! 

0.25 

1169  1 

295 

$9 

DEMAN 

D  CREDIT 

$90 

MMBtu 

44 

TOTAL 

T 

12880 

$266 

4701 

CWP-1 

50.0 

60.7 

51 

0.87 

440 

92,68% 

93.00% 

0.13 

1873 

235 

$6 

CWP-2 

50.0 

60.7 

51 

0.87 

440 

92.68% 

93.00% 

0.13 

1873 

235 

$6 

CisiWP-1 

30.0 

38 

33 

0.87 

440 

88.83% 

92.40% 

0.95 

1873 

1784 

$45 

CNWP-2 

30.0 

38 

33 

0.87 

440 

88.83% 

92.40% 

0.95 

1873 

1784 

$45 

CTM-1 

20.0 

24.6 

18.2 

0.87 

460 

87.50% 

91.00% 

0.55 

650 

361 

$17 

CTM-2 

15.0 

19.2 

16.5 

0.87 

440 

87.90% 

90.20% 

0.32 

650 

206 

$10 

DEMAN 

ID  CREDIT 

$65 

MMBtu 

16 

TOTAL 

3 

4805 

$126 

5676 

HCP-1 

10.0 

13.5 

13 

0.87 

460 

79.72% 

89.50% 

1.24 

7296 

9012 

$1^ 

HCP-2 

10.0 

13.5 

13 

0.87 

460 

79.72% 

89.50% 

1.24 

7296 

9012 

$1 50 

CHWP-1 

7.5 

11 

10 

0.87 

460 

73.38% 

88.50% 

1.61 

3672 

5927 

$116 

CTM-1 

7.5 

10.5 

9 

0,79 

460 

84.66% 

88.50% 

0.29 

1160 

337 

$1 1 

DEMA^^ 

ID  CREDIT 

$94 

MMBtu 

83 

TOTAL 

4 

24287 

$427 

HCP-1 

2.0 

6.5 

5.9 

0.83 

208 

76.76% 

84.00% 

0.20 

7296 

1445 

$24 

imu 

HCP-2 

2.0 

6.5 

5.7 

0.83 

208 

76.76% 

84,00% 

0.19 

7296 

1396 

$23 

HCP-3 

1.5 

4.8 

4.5 

0,83 

230 

70.51% 

84.00% 

0.34 

7296 

HCP-4 

2.0 

6.3 

5.8 

0.83 

230 

71 .62% 

84.00% 

0.39 

7296 

CNWP-1 

7.5 

11 

10 

0.87 

460 

73.38% 

88.50% 

1.61 

3672 

CTM-1 

7.5 

11 

9.6 

0.75 

460 

0.26 

1139 

DEMA^ 

iO  CREDIT 

$64 

MMBtu 

49 

1 

linCT 
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DATE  PREPARED 

10-Apr-91 

SHT  OF 

I  CHECKED  BY  CEL 

SHIPPING 

Total 

Wt 

Unit 

Wt 

EFFECTIVE  PRICING 

DATE  APR.  91 

ON  ONIMVbQ 

ESTIMATOR  KC 

TOTAL 

$821 

$821 

$683 

CO 

CO 

CO 

$3,007 

$481 

o 

CO 

$3,789 

$758 

$4,547 

$250  I 

$4,797  1 

MATERIAL 

Cost 

750.00 

OOOSZ 

616.00 

O 

O 

<0 

$2,732 

$437 

CO 

N 

CM 

$3,442 

$688 

$4,131  1 

$227 

$4,358 

INVITATION  NO./CONTRACT  NO. 

DACA  59  -90  -  C  -0087 

Unit 

Price 

750.0 

750.0 

616.0 

616.0 

O 

UJ 

O 

O 

O 

EQUIPMENT 

Cost 

□ 

CO 

UJ 

o 

o 

o 

3 

Unit 

Price 

CODE  A 

OTHER 

LABOR 

Cost 

N 

N 

CO 

67 

$275 

00 

CM 

$347 

69$ 

$416 

CO 

CM 

$439 

Unit 

Price 

O 

CM 

o 

CM 

20 

20 

COST  ESTIMATE  ANALYSIS 

PROJECT  ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER 

LOCATION  FT.  SILL.  OKLAHOMA 

Total 

Hrs 

3.6 

3.6 

CO 

3^ 

MH/ 

Unit 

3.6 

3.6 

CO 

3.4 

Quantity 

Unit 

Meas 

EA 

< 

UJ 

EA 

EA 

\ 

i 

1 

TOTAL  THIS  SHEET  1 

No.  Of 

Units 

16% 

10% 

20% 

5.5% 

MOTOR  REP.  ECO  BLDG.  5676 

HIGH  EFF.  MOTOR  REP.LACEMENT 

TASK  DESCRIPTION 

HCP-1  10.0  HP  MOTOR 

HCP-2  10.0  HP  MOTOR 

CNWP-1  7.5  HP  MOTOR 

CTM-1  7.5  HP  MOTOR 

_ 

i 

SUBTOTAL 

OVERHEAD,  BOND 

PROFIT 

COST  SUB-TOTAL 

CONTINGENCY 

SUBTOTAL 

% 

<0 
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DA  FORM  5418~R.  APR  B5 


LIFE  CYCLE  COST  ANALYSIS  SUMMARY  STUDY;  5676EC6 

ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP)  LCCID  1.035 

INSTALLATION  &  LOCATION;  FT.  SILL,  OKLAHOMA  REGION  NOS.  6  CENSUS;  3 

PROJECT  NO.  &  TITLE;  3002-000  ENERGY  STUDY  ARMY  BOILER/CHILLERS 
FISCAL  YEAR  1991  DISCRETE  PORTION  NAME;  HIGH  EFF.  MOTOR 
ANALYSIS  DATE;  04-10-91  ECONOMIC  LIFE  25  YEARS  PREPARED  BY;  KC 


1 .  INVESTMENT 


A. 

CONSTRUCTION  COST 

$ 

4547. 

B. 

SIOH 

$ 

250. 

C. 

DESIGN 

COST 

$ 

273. 

D. 

ENERGY 

CREDIT  CALC 

(1A+1B+1C)X.9 

$ 

4563. 

E. 

SALVAGE  VALUE  COST 

-$ 

0. 

F. 

TOTAL 

INVESTMENT  (ID- IE) 

$ 

4563. 

ENERGY  SAVINGS  (+)  / 

COST  (-) 

ANALYSIS 

DATE  ANNUAL 

SAVINGS,  UNIT 

COST  & 

DISCOUNTED  SAVINGS 

UNIT  COST  SAVINGS 

ANNUAL  $ 

DISCOUNT 

DISCOUNTED 

FUEL 

$/MBTU(l) 

MBTU/YR(2) 

SAVINGS ( 3 ) 

FACTOR(4) 

SAVINGS ( 5 ) 

A. 

ELECT 

$  4.01 

83. 

$ 

333. 

11.37 

3784. 

B. 

DIST 

$  .00 

0. 

$ 

0. 

17.06 

0. 

C. 

RESID 

$  .00 

0. 

$ 

0. 

16.85 

0. 

D. 

NAT  G 

$  2.92 

0. 

$ 

0. 

17.52 

0. 

E. 

COAL 

$  .00 

0. 

$ 

0. 

13.34 

0. 

F. 

TOTAL 

83. 

$ 

333. 

$ 

3784. 

NON  ENERGY  SAVINGS (+) 

/  COST(-) 

A. 

ANNUAL  RECURRING 

(+/-) 

$ 

86. 

(1)  DISCOUNT  FACTOR  (TABLE  A) 

11. 65 

(2)  DISCOUNTED  SAVING/COST  ( 3A 

X  3A1) 

$ 

1002. 

C. 

TOTAL 

NON  ENERGY  DISCOUNTED  SAVINGS(+) 

/COST(-) 

(3A2+3Bd4) 

$ 

1002. 

D.  PROJECT  NON  ENERGY  QUALIFICATION  TEST 

(1)  25%  MAX  NON  ENERGY  CALC  (2F5  X  .33)  $  1249. 

A  IF  3D1  IS  =  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  =  (2F5+3D1)/1F)=  _ 

C  IF  3D1B  IS  =  >  1  GO  TO  ITEM  4 

D  IF  3D1B  IS  <  1  PROJECT  DOES  NOT  QUALIFY 


4.  FIRST  YEAR  DOLLAR  SAVINGS  2F3+3A+(3B1D/ (YEARS  ECONOMIC  LIFE))  $ 

5.  TOTAL  NET  DISCOUNTED  SAVINGS  (2F5+3C)  $ 

6.  DISCOUNTED  SAVINGS  RATIO  (SIR)=(5  /  1F)=  1.05 

(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 

7.  SIMPLE  PAYBACK  PERIOD  (ESTIMATED)  SPB=lF/4  10.90 


419. 

4785. 
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ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 
FT.  SILL.  OKLAHOMA 

CENTRAL  PLANT:  5676 

ENERGY  CONSERVATION  OPPORTUNITY:  ECO-  7 

SYSTEM  MODIFICATION:  INSTALL  INSTRUMENTATION  TO  DETERMINE  LOAD 
SYSTEMS  TO  MODIFY: 


CALCULATION  DESCRIPTION: 

Analysis  spread  sheet  was  prepared  to  determine  the  energy  savings  for 
ECO-7,  install  instrumentation  to  facilitate  efficient  operation  of  boiler  plant. 

It  was  estimated  that  the  energy  wasted  from  boiler  in  standby  is  1  %  of  the  rated 

output  capacity.  The  hours  when  boilers  are  running  unnecessary  were  estimated  for  each  boiler. 


ANNUAL  UTILITY  SAVINGS 


PC  CUBE  RUN 

Electric 

Nat.  Gas 
(MMBtu) 

Total  Energy 
(MMBtu) 

Demand(kW) 

Energy  (kWh) 

Baseline 

— 

— 

— 

0 

ECO 

— 

— 

— 

0 

Savings  (Baseline -ECO) 

0 

0 

13 

13 

NOTE;  The  savings  for  this  ECO  did  not  consider  any  interrelated  savings  with  other 
ECOs  identified  as  economically  feasible. 


ENERGY  COST  SAVINGS: 


Electricity: 

0  MMBtu/Yr 

X 

$4.0141  /MMBtu  = 

$0  per  year 

Nat.  Gas: 

13  MMBtuA'r 

X 

$2.92 /MMBtu  = 

$38  per  year 

Total  Energy  Cost  Savings: 

$0 

+ 

$38 

$38  per  year 

NON-ENERGY  SAVINGS  (+),  COST  (-): 

Demand: 

0  kW/month 

X 

$1.787/kW  X 

12  months/year 

=  (+) 

$0 

per  year 

Maintenance:  =  (-) 

$320 

per  year 

Total: 

$0 

$320 

($320)  per  year 

[ECO-SHT.WK31 
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BOILER  STANDBY  SAVINGS 


ECO-7.  INSTRUMENTATION  FOR  BOILER  PLANT 
(TYPICAL) 


BTU  METER  F  ”1  DISPLAY:  (NEW) 


\-HWR 


FROM  BLDG3. 


[□  FLOW  METER 

[T1  TEMPERATURE  SENSORS 


[B-ECO-7.DWG] 
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DATE  PREPARED 

04-Apr-91 

SHT  OF 

CHECKED  BY  CEL 

CD 

Total 

Wt 

1 

1 

1 

Z' 

Q. 

X 

CO 

Unit 

Wt 

1 

- r 

EFFECTIVE  PRICING 

DATE  APR.  91 

DRAWING  NO. 

o 

TOTAL 

$504 

$504 

$961 

$938 

$120 

496.32 

$3,523 

$564 

$352 

$4,439 

$888 

$5,327 

$293 

1  $5,620 

ESTIMATOR 

_t 

< 

Cost 

o 

o 

cb 

CM 

CO 

328.00 

o 

q 

(D 

o 

o 

d 

CM 

CO 

o 

o 

d 

CM 

316 

$2,676 

$428 

CO 

CD 

CM 

$3,372 

h- 

CD 

$4,046 

$223 

$4,269 

INVITATION  NO./CONTRACT  NO. 

DACA  59 -90 -C -0087 

IT 

LU 

H 

< 

s 

Unit 

Price 

o 

o 

GO 

CM 

CO 

328.00 

o 

q 

<0 

820.00 

o 

o 

d 

CD 

CO 

u> 

CODE  C 

1- 

z 

Cost 

X  CODE  b1  I 

OTHER 

lii 

2 

GL 

D 

o 

UJ 

Unit 

Price 

< 

UJ 

O 

O 

o 

LABOR  1 

Cost 

176 

176  1 

197  1 

118 

180 

1  $847 

!  $136 

$85 

CO 

p. 

CO 

CM 

$1 ,281 

1  $70 

ID 

q 

Unit 

Price 

176 

176 

197  1 

o 

CM 

19.6 

COST  ESTIMATE  ANALYSIS 

PROJECT  ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER 

LOCATION  FT.  SILL,  OKLAHOMA 

Total 

Hrs 

O 

CD 

CM 

c» 

MH/ 

Unit 

O 

CD 

4.6 

Quantity  T 

Unit 

Meas 

< 

Ul 

< 

UJ 

< 

UJ 

< 

Ul 

< 

UJ 

< 

Ul 

No.  Of 

Units 

CM 

CM 

16% 

10% 

20% 

6.5% 

ROII  FR  Fcn  BLDG.  5676  1 

INSTRUMENTATION 

1  TASK  DESCRIPTION  1 

UJ 

O 

m 

§ 

X 

CVJ 
X 
O 
:  u. 

:  z 
0 
;  F 

i  ? 

1  2 
1  s 

’  □ 

;  X 
h- 
:  (C 

2 

HWS  TEMPERATURE  SENSOR 

X 

o 

CO 

z 

UJ 

(0 

UJ 

X 

s 

< 

X 

Ul 

a 

2 

s 

X 

11 

X 

u 

2 

5 

0 

u 

1- 

X 

u 

cc 

2 

1  BTU  METER  i 

> 

i-2 

1  CO 

i  □ 
►  a 
i  ^ 

z 

0 

1- 

3 

< 

CO 

i 

c 

u 

iJ 

!2 

G 

H 

X 

5 

a 

2 

0 

X 

c 

< 

£ 
1  C 

H. 

u 

0 

X 

a 

< 

H 

g 

1 

s 

s 

'  h 

i  g 

;  c 

> 

C 

2 

u 

c 

2 

- 

2 

c 

c 

c 

- 
I  5 

< 

u 

H 

UJ 

UJ 

z 

(0 

i  t 
1  •- 
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LIFE  CYCLE  COST  ANALYSIS  SUMMARY  STUDY:  B5676EC1 

ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP)  LCCID  1.035 

INSTALLATION  &  LOCATION:  FT.  SILL,  OKLAHOMA  REGION  NOS.  6  CENSUS:  3 
PROJECT  NO.  &  TITLE:  3002-000  ENERGY  SURVEY  OF  ARMY  BOILER/ CHILLERS 
FISCAL  YEAR  1991  DISCRETE  PORTION  NAME:  BOILER  INSTRUMENTATION 
ANALYSIS  DATE:  04-12-91  ECONOMIC  LIFE  15  YEARS  PREPARED  BY:  KC 

1 .  INVESTMENT 


A, 

CONSTRUCTION  COST 

$ 

5327. 

B* 

SIOH 

$ 

293. 

C. 

DESIGN 

COST 

$ 

320. 

D. 

ENERGY 

CREDIT  CALC  (1A+1B+1C)X* 

9 

$ 

5346. 

E, 

SALVAGE 

VALUE  COST 

-$ 

0. 

F, 

TOTAL  INVESTMENT  (ID- 

■IE) 

$ 

5346. 

ENERGY  SAVINGS  (+)  /  COST  (-) 

ANALYSIS  DATE  ANNUAL  SAVINGS,  UNIT 

COST  & 

DISCOUNTED  SAVINGS 

UNIT  COST 

SAVINGS 

ANNUAL  $ 

DISCOUNT 

DISCOUNTED 

FUEL 

$/MBTU(l) 

MBTU/YR(2) 

SAVINGS ( 3 ) 

FACTOR(4) 

SAVINGS ( 5 ) 

A. 

ELECT 

$  4.01 

0. 

$ 

0. 

8.78 

0. 

B, 

DIST 

$  .00 

0. 

$ 

0. 

12.34 

0. 

C. 

RESID 

$  .00 

0. 

$ 

0. 

12.05 

0. 

D. 

NAT  G 

$  2.92 

13. 

$ 

38. 

12.48 

471. 

E, 

COAL 

$  .00 

0. 

$ 

0. 

10.01 

0. 

F. 

TOTAL 

13. 

$ 

38. 

$ 

471. 

NON  ENERGY 

SAVINGS (+)  / 

COST(-) 

A. 

ANNUAL 

RECURRING  (+/ 

-) 

$ 

-320. 

(1)  DISCOUNT  FACTOR 

(TABLE  A) 

9.11 

(2)  DISCOUNTED  SAVING/COST  (3A 

X  3A1) 

$ 

-2915. 

C. 

TOTAL  NON  ENERGY  DISCOUNTED  SAVINGS (+) 

/COST(-) 

(3A2+3Bd4) 

$ 

-2915. 

D.  PROJECT  NON  ENERGY  QUALIFICATION  TEST 

(1)  25%  MAX  NON  ENERGY  CTiLC  (2F5  X  .33)  $  155. 

A  IF  3D1  IS  =  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  =  (2F5+3D1) /1F)= 

C  IF  3D1B  IS  =  >  1  GO  TO  ITEM  4 

D  IF  3D1B  IS  <  1  PROJECT  DOES  NOT  QUALIFY 

4.  FIRST  YEAR  DOLLAR  SAVINGS  2F3+3A+ ( 3B1D/ (YEARS  ECONOMIC  LIFE))  $  -282. 

5.  TOTAL  NET  DISCOUNTED  SAVINGS  (2F5+3C)  $  -2444. 

6.  DISCOUNTED  SAVINGS  RATIO  (SIR)=(5  /  1F)=  -.46 

(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 

7.  SIMPLE  PAYBACK  PERIOD  (ESTIMATED)  SPB=lF/4  -18.94 
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ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 
FT.  SILL,  OKLAHOMA 


CENTRAL  PLANT:  5676 

ENERGY  CONSERVATION  OPPORTUNITY:  ECO-  9 

SYSTEM  MODIFICATION:  REPLACE  BOILER  WITH  HIGHER  EFFICIENCY  BOILER 

SYSTEMS  TO  MODIFY:  BOILER  1  AND  2 


CALCULATION  DESCRIPTION: 

Two  PC-CUBE  program  computer  runs  are  compared  to  determine  the  energy  savings  for 
ECO-9,  renovate  or  replace  existing  boilers. 

The  first  computer  run  (Baseline)  is  a  simulation  of  the  existing  structure,  equipment,  and 
systems,  and  how  they  are  presently  operated.  The  second  computer  run  (ECO)  is  also  a 
simulation  of  the  existing  building  with  modifications  implemented  in  the  systems,  equipment, 
or  the  operation.  The  difference  in  the  totals  from  the  two  computer  runs  represents  the  savings. 


ANNUAL  UTILITY  SAVINGS 


PC  CUBE  RUN 

Electric 

Nat.  Gas 
(MMBtu) 

Total  Energy 
fMMBtu) 

Demand(kW) 

Enerqy(kWh) 

Baseline 

— 

— 

13,462 

13,462 

ECO 

— 

— 

9,942 

9,942 

Savinas  (Baseline -ECO) 

0 

0 

3.520 

3.520 

NOTE:  The  savings  for  this  ECO  did  not  consider  any  interrelated  savings  with  other 

ECOs  identified  as  economically  feasible. 


ENERGY  COST  SAVINGS: 

Electricity:  0  MMBtu/Yr 

X 

$4.0141  /MMBtu  = 

$0  per  year 

Nat.  Gas:  3520  MMBtuA'r 

X 

$2.92 /MMBtu  = 

$10,278  per  year 

Total  Energy  Cost  Savings: 

$0 

+ 

$10,278 

$10,278  per  year 

NON-ENERGY  SAVINGS  (+),  COST  (-): 

Demand:  0  kW/month 

X 

$1 .787  /kW  X 

12  months/year 

=  (+) 

$0 

per  year 

Maintenance:  =  (-) 

$0 

per  year 

Total:  $0  - 

$0 

$0  per  year 

D-5676-36 


PC-CUBE  VERSION  2.0.3 

CENTRAL  PLANT  5676  BASELINE 

SYSTEM  Cl  NORMAL  HEATING  AND  COOLING 


FUEL  AND  POWER  CONSUMPTION  SYSTEM  Cl 

TOTAL  GAS  CONSUMP. ,  1000  CU  FT  13463. 

PEAK  DAY  GAS  CONSUMP.,  1000  CU  FT  137. 

ELECTRICAL  CONSUMPTION,  KWH  298696. 

PEAK  KW  DEMAND  (15  MIN  BASIS)  165. 

PURCHASED  ELECTRIC  POWER 

ON-PEAK  CONSUMPTION  KWH  298696. 

ON-PEAK  KW  DEMAND  (15  MIN  BASIS)  165. 

MID-PEAK  CONSUMPTION  KWH  0. 

MID-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

OFF-PEAK  CONSUMPTION  KWH  0. 

OFF-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

GENERATED  ELECTRICAL  POWER  KWH  0. 

SOLD  ELECTRICAL  POWER  KWH  0. 

AUXILIARY  FUEL  CONSUMPTION  0. 

DIR.  PROC.  GAS  CONSUMP.,  1000  CF  0. 

CHILLER  OPERATING  HOURS 

CHILLER  1  3672 

BOILER  OPERATING  HOURS 

BOILER  1  3624 

BOILER  2  2057 

RECOVERABLE  HEAT  USED,  MBTU  0. 

RECOVERABLE  HEAT  UNUSED,  MBTU  0. 


PAGE  NO. 


**  TOTAL  ** 


20 
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PC-CUBE  VERSION  2.0.3 


PAGE  NO 


e 


CENTRAL  PLANT  5676  BOILER  ECO-3  TOTAL  ** 

SYSTEM  Cl  NORMAL  HEATING  AND  COOLING 

FUEL  AND  POWER  CONSUMPTION  SYSTEM  Cl 

TOTAL  GAS  CONSUMP. ,  1000  CU  FT  9942. 

PEAK  DAY  GAS  CONSUMP.,  1000  CU  FT  100* 

ELECTRICAL  CONSUMPTION,  KWH  298696, 

PEAK  KW  DEMAND  (15  MIN  BASIS)  165. 

PURCHASED  ELECTRIC  POWER 

ON-PEAK  CONSUMPTION  KWH  298696. 

ON-PEAK  KW  DEMAND  (15  MIN  BASIS)  165. 

MID-PEAK  CONSUMPTION  KWH  6* 

MID-PEAK  KW  DEMAND  (15  MIN  BASIS)  0- 

OFF-PEAK  CONSUMPTION  KWH  6* 

OFF-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

GENERATED  ELECTRICAL  POWER  KWH  0- 

SOLD  ELECTRICAL  POWER  KWH 

AUXILIARY  FUEL  CONSUMPTION  0- 

DIR.  PROC.  GAS  CONSUMP.,  1000  CF  0- 

CHILLER  OPERATING  HOURS 

CHILLER  1  ^672 

BOILER  OPERATING  HOURS 

BOILER  1  3624 

BOILER  2  1641 

RECOVERABLE  HEAT  USED,  MBTU  0* 

RECOVERABLE  HEAT  UNUSED,  MBTU  0* 
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DATE  PREPARED 

08 -Apr  “91 

SHT  OF 

CHECKED  BY  CEL 

SHIPPING 

Total 

Wt 

Unit 

Wt 

EFFECTIVE  PRICING 

DATE  APR.  91 

DRAWING  NO. 

ESTIMATOR  KC 

TOTAL 

$64,600 

$1,440 

o 

o 

<d 

CD 

$10,566  1 

$6,604  1 

$83,210 

$16,642  1 

$99,852 

$5,492 

$105,344 

MATERIAL 

Cost 

$59,800  I 

$59,800 

CO 

<0 

U) 

0) 

$5,980  I 

$75,348 

o 

N 

in 

$90,418 

$4,973  1 

$95,391 

INVITATION  NO./CONTRACT  NO. 

DACA  59 -90 -C -0087 

Unit 

Price 

$29,900 

CODEC 

EQUIPMENT 

Cost 

X  CODE  B 

Unit 

Price 

< 

lij 

Q 

O 

o 

OTHER 

1  LABOR  1 

Cost 

o 

o 

CO 

$1 .440  1 

$6,240 

$998 

CM 

CO 

CM 

<0 

€0 

N 

CM 

N 

in 

T— 

$9,435 

$519 

lO 

0) 

0) 

Unit 

Price 

CM 

CM 

COST  ESTIMATE  ANALYSIS 

PROJECT  ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER 

LOCATION  FT.  SILL.  OKLAHOMA 

Total 

Hrs 

O 

6 

o 

CVJ 

O 

d 

(0 

MH/ 

Unit 

100.0 

30.0 

Quantity 

Unit 

Meas 

eaJ 

EA  I 

h 

U 

11 

3 

3 
h 

4 

H 

c 

h 

No.  Of 

Units 

OJ 

CM 

16.0% 

10.0% 

o 

d 

CM 

5.5% 

BOILER  ECO  BLDG.  5676 

BOILER  REPLACEMENT 

TASK  DESCRIPTION  I 

REPLACEMENT  OF  BOILER  1  AND  2  _ I 

2.6  MMBtu  GAS  FIRED  BOILER  I 

REMOVE  OF  EXISTING  BOILERS  1 

SUBTOTAL 

OVERHEAD.  BOND  I 

PROFIT 

COST  SUB-TOTAL 

CONTINGENCY 

SUBTOTAL 

S&A 
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DA  FORM  541 8-R.  APR  85 


LIFE  CYCLE  COST  ANALYSIS  SUMMARY  STUDY:  B5676EC3 

ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP)  LCCID  1.035 

INSTALLATION  &  LOCATION:  FT.  SILL,  OKLAHOMA  REGION  NOS.  6  CENSUS:  3 

PROJECT  NO.  &  TITLE:  3002-000  ENERGY  SURVEY  OF  ARMY  BOILER/ CHILLERS 
FISCAL  YEAR  1991  DISCRETE  PORTION  NAME:  BOILER  REPLACEMENT 
ANALYSIS  DATE:  04-12-91  ECONOMIC  LIFE  25  YEARS  PREPARED  BY:  KC 


1.  INVESTMENT 

A.  CONSTRUCTION  COST 

B.  SIOH 

C.  DESIGN  COST 

D.  ENERGY  CREDIT  CALC  ( lA+lB+lC) X. 9 

E.  SALVAGE  VALUE  COST 

F.  TOTAL  INVESTMENT  (ID-lE) 


$  99852. 

$  5492. 

$  5992. 

$  100202. 

-$  0. 

$  100202. 


2.  ENERGY  SAVINGS  (+)  /  COST  (-) 

ANALYSIS  DATE  ANNUAL  SAVINGS,  UNIT  COST  &  DISCOUNTED  SAVINGS 


FUEL 

A.  ELECT 

B.  DIST 

C.  RESID 

D .  NAT  G 

E.  COAL 

F .  TOTAL 


UNIT  COST 
$/MBTU{l) 

$  4.01 
$  .00 
$  .00 
$  2.92 
$  .00 


SAVINGS 

MBTU/YR(2) 

0. 

0. 

0. 

3520. 

0. 

3520. 


ANNU7VL  $ 
SAVINGS (3) 

$  0. 

$  0. 

$  0. 

$  10278. 

$  0. 

$  .  10278. 


DISCOUNT 

FACTOR(4) 

11.37 

17.06 

16.85 

17.52 

13.34 


DISCOUNTED 
SAVINGS ( 5 ) 

0. 

0. 

0. 

180078. 

0. 

$  180078. 


ENERGY  SAVINGS(+)  /  COST(-) 

ANNUAL  RECURRING  (+/-) 

$ 

-1792. 

(1)  DISCOUNT  FACTOR  (TABLE  A) 

11.65 

(2)  DISCOUNTED  SAVING/COST  ( 3A  X  3A1) 

$ 

-20877. 

C.  TOTAL  NON  ENERGY  DISCOUNTED  SAVINGS (+)  /COST(-)  (3A2+3Bd4)  $  -20877. 


D.  PROJECT  NON  ENERGY  QUALIFICATION  TEST 

(1)  25%  MAX  NON  ENERGY  CALC  (2F5  X  .33)  $  59426. 

A  IF  3D1  IS  =  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  =  ( 2F5+3D1 ) /IF) =  _ 

C  IF  3D1B  IS  =  >  1  GO  TO  ITEM  4 

D  IF  3D1B  IS  <  1  PROJECT  DOES  NOT  QUALIFY 

4.  FIRST  YEAR  DOLLAR  SAVINGS  2F3+3A+ ( 3B1D/ (YEARS  ECONOMIC  LIFE))  $  8486. 

5.  TOTAL  NET  DISCOUNTED  SAVINGS  (2F5+3C)  $  159201. 

6.  DISCOUNTED  SAVINGS  RATIO  (SIR)=(5  /  1F)=  1.59 

(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 

7.  SIMPLE  PAYBACK  PERIOD  (ESTIMATED)  SPB=lF/4  11.81 
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ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 
FT.  SILL.  OKLAHOMA 

CENTRAL  PLANT:  5676 

ENERGY  CONSERVATION  OPPORTUNITY:  ECO-  10 

SYSTEM  MODIFICATION:  OXYGEN  TRIM  FOR  BURNERS 
SYSTEMS  TO  MODIFY:  BOILER  1  AND  2 


CALCULATION  DESCRIPTION: 

Two  PC-CUBE  program  computer  runs  are  compared  to  determine  the  energy  savings  for 
ECO-10,  install  oxygen  trim  for  burners. 

The  first  computer  run  (Baseline)  is  a  simulation  of  the  existing  structure,  equipment,  and 
systems,  and  how  they  are  presently  operated.  The  second  computer  run  (ECO)  is  also  a 
simulation  of  the  existing  building  with  modifications  implemented  in  the  systems,  equipment, 
or  the  operation.  The  difference  in  the  totals  from  the  two  computer  runs  represents  the  savings. 


ANNUAL  UTILITY  SAVINGS 


Electric 

Nat.  Gas 

Total  Energy 

PC  CUBE  RUN 

Demand(kW) 

Energy(kWh) 

(MMBtu) 

(MMBtu) 

Baseline 

— 

— 

13,462 

13,462 

ECO 

— 

— 

13,224 

13,224 

Savings  (Baseline -EC01 

0 

0 

238 

238 

NOTE:  The  savings  for  this  ECO  did  not  consider  any  interrelated  savings  with  other 

ECOs  identified  as  economically  feasible. 


ENERGY  COST  SAVINGS: 

Electricity:  0 

Nat.  Gas:  238 

Total  Energy  Cost  Savings: 


NON-ENERGY  SAVINGS  (+),  COST  (-): 

Demand:  0  kW/month  X  $1.787/kW  X  12  months/year 


=  (+) 

$0  per  year 

Maintenance: 

=  {-) 

$1 ,799  per  year 

Total: 

$0 

$1,799 

($1 ,799)  per  year 

[ECO-SHT.WK3] 


MMBtu/Yr 

X 

$4.0141  /MMBtu  = 

$0  per  year 

MMBtu/Yr 

X 

$2.92 /MMBtu  = 

$695  per  year 

$0 

+ 

$695 

$695  per  year 
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PC-CUBE  VERSION  2.0.3 


PAGE  NO.  20 


CENTRAL  PLANT  5676  BASELINE 

SYSTEM  Cl  NORMAL  HEATING  AND  COOLING 

FUEL  AND  POWER  CONSUMPTION 

TOTAL  GAS  CONSimP. ,  1000  CU  FT 
PEAK  DAY  GAS  CONSUMP.,  1000  CU  FT 

ELECTRICAL  CONSUMPTION,  KWH 
PEAK  KW  DEMAND  (15  MIN  BASIS) 

PURCHASED  ELECTRIC  POWER 
ON -PEAK  CONSUMPTION  KWH 
ON-PEAK  KW  DEMAND  (15  MIN  BASIS) 

MID-PEAK  CONSUMPTION  KWH 
MID-PEAK  KW  DEMAND  (15  MIN  BASIS) 
OFF-PEAK  CONSUMPTION  KWH 
OFF-PEAK  KW  DEMAND  (15  MIN  BASIS) 
GENERATED  ELECTRICAL  POWER  KWH 
SOLD  ELECTRICAL  POWER  KWH 

AUXILIARY  FUEL  CONSUMPTION 

DIR.  PROC.  GAS  CONSUMP.,  1000  CF 
CHILLER  OPERATING  HOURS 
CHILLER  1 

BOILER  OPERATING  HOURS 
BOILER  1 
BOILER  2 

RECOVERABLE  HEAT  USED,  MBTU 
RECOVERABLE  HEAT  UNUSED,  MBTU 


**  TOTAL  ** 


SYSTEM  Cl 

13463. 

137. 

298696. 

165. 

298696. 

165. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

3672 

3624 

2057 

0. 

0. 
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PC -CUBE  VERSION  2.0.3 


PAGE  NO 


8 


CENTRAL  PLANT  5676  BOILER  ECO- 4 

SYSTEM  Cl  NORMAL  HEATING  AND  COOLING 

FUEL  AND  POWER  CONSUMPTION 

TOTAL  GAS  CONSUMP.,  1000  CU  FT 
PEAK  DAY  GAS  CONSUME.,  1000  CU  FT 

ELECTRICAL  CONSUMPTION,  KWH 
PEAK  KW  DEMAND  (15  MIN  BASIS) 

PURCHASED  ELECTRIC  POWER 
ON -PEAK  CONSUMPTION  KWH 
ON-PEAK  KW  DEMAND  (15  MIN  BASIS) 

MID-PEAK  CONSUMPTION  KWH 
MID-PEAK  KW  DEMAND  (15  MIN  BASIS) 

OFF-PEAK  CONSUMPTION  KWH 
OFF-PEAK  KW  DEMAND  (15  MIN  BASIS) 
GENERATED  ELECTRICAL  POWER  KWH 
SOLD  ELECTRICAL  POWER  KWH 

AUXILIARY  FUEL  CONSUMPTION 

DIR.  PROC.  GAS  CONSUMP.,  1000  CF 
CHILLER  OPERATING  HOURS 
CHILLER  1 

BOILER  OPERATING  HOURS 
BOILER  1 
BOILER  2 

RECOVERABLE  HEAT  USED,  MBTU 
RECOVERABLE  HEAT  UNUSED,  MBTU 


**  TOTAL  ** 


SYSTEM  Cl 

13224. 

135. 

298696. 

165. 

298696. 

165. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

3672 

3624 

2030 

0. 

0. 
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SPECIFICATIONS  -  AIR  MIZER  II  SYSTEM 


SENSOR 


Nominal  Dimensions:  14V8"H  x 
lO'/i'^W  X  10 "D  (37.2  X  26  X  25.4  cm) 

Enclosure:  Weather  resistant— S.S. 
case,  nickel  plated  carbon  steel 
base 

Weight:  55  pounds  (25  kg) 

Accuracy:  ±1%  of  net  excess  oxy¬ 
gen 

Repeatability:  ±0.2%  of  measured 
value 

Response:  90%  of  full  scale  In  less 
than  5  seconds 

Drift:  Less  than  0.1  %  of  sensor  cell 
output  per  month 

Ambient  Temperatures:  -5  to 
+  175  "F  (-20.5  to  +79X) 

Sample  Temperatures:  Upto  1300®F 
(704  ®C)  with  standard  probe 

Sample  Flow  Rate:  0.1  to  120  scfh 
(0.47  to  56.65  liters/minute) 

Air  Aspirator  Requirements:  10  to 
20  scfh  (4.72  to  14.16  liters/  min) 
at  15-100  psi  (1.05  to  7.037  kg/cm*) 
(Aspirator  air  regulator  furnished 
with  sensor  normally  set  at  2-7 
psi;  0.14  -  0.49  kg/cm*) 

Calibration:  With  analyzed  oxygen 
In  nitrogen  sample.  Calibration 
port  provided. 

CONTROL  UNIT 

Nominal  Dimensions:  12Vi"H  x 
10V8"W  X  978  "D  (32.1  x  27.6  x  23.2 
cm) 

Enclosure:  Wall/panel  mounted- 
meets  the  requirements  for  NEMA 
4  areas 


Temperature  Control:  On-Off  by  mi¬ 
croprocessor  ( ±  1  X) 

Linearization:  256  segments  from 
20%  to  0.2%  0„  (218  from  10%  to 
0.2%),  by  microprocessor 

Controller  Action:  On-Off— “On” 
lime  adjustable  2-20  seconds. 
“Off”  time  adjustable  2-60 
seconds. 

Deadband:  ±  0.25%  oxygen. 
LED’s  Indicate  motor  driving. 

Will  not  allow  decrease  In  air 
when  Oj  Is  below  0.5%  oxygen. 
Air  flow  will  Increase  to  -f  15% 
max.  If  Oj  level  Is  above  12%. 

Setpoint:  0  to  10%  oxygen  by  either 
of:  A.  Two  banks  of  5  slide  pots, 
(Dual  Fuel)  selectable  by  slide 
switch;  proper  pot  or  pots  con¬ 
nected  to  processor  by  switch  In 
actuator,  B.  Manual  pot  on  panel 
A  or  8  selected  by  Remote/Local 
switch  on  panel.  Setpoint  in¬ 
dicated  by  edge  reading  meter 
(0-10%) 


Manual  Control:  Manual/Auto 
switch  and  Increase — decrease 
push  buttons  (Spring  return 
switch  inside  control  unit  can 
override  all  control  actions  In  the 
event  of  processor  failure). 

Ready  Indicator:  On  at  temperature 
set  point.  Off  below  temperature 
set  point.  Flashes  above  tempera¬ 
ture  set  point.  O,  Control  In 
“manual”  when  below  set  point. 

Oxygen  Scale:  20.9  to  0.1%  O, 
Logarithmic 

Alarms:  High  and  Low  O,  adjustable 
0.2  to  20%.  RTD  Failure  (shuts 
down  temperature  control,  and 
puts  Oj  control  In  “manual”). 


Weight:  22  pounds  (10  kg) 


Increase  Air  Override:  Contact  clo¬ 
sure  from  optional  combustibles 
or  smoke  detector  alarm  will 
cause  Increase  in  air  signal  on 
each  control  pulse  regardless  or 
Oj  vs.  O,  setpoint  relationship. 
Once  combustibles  contact  opens, 
normal  control  will  resume.  This 
maintains  air  flow  at  a  level  where 
maximum  allowable  combustibles 
or  smoke  Is  not  exceeded. 

Ambient  Temperature  Limits:  32  ®F 
to  140  T  (0  to  -I-60X) 

Recorder  Output:  0*100  mv  = 
0-20%  O,  Linear  (0-50  mv  =0-10%) 
Other  current  or  voltages  outputs 
optional 


Overall  Size:  17Va"L  x  4''W  x 
1074  "H  (44.5  X  10.2  x  26  cm) 
Weight:  16.5  pounds  (7.5  kg) 
Angular  Travel  (Input  Arm):  60* 

Linear  Link  Travel:  Adjustable  4^  to 
10"  at  4"  to  10"  Radius  (10.2  to 
25.4  cm  at  10.2  to  25.4  cm  Radius) 

Linear  Link  Force:  100  pounds  at 
4"  Radius  (45.5  kg  at  10.2  cm 
Radius) 

70  pounds  at  6"  Radius  (31.8  kg  at 
15.2  cm  Radius) 

40  pounds  at  10"  Radius  (18.2  kg 
at  25.4  cm  Radius) 

Case:  Suitable  for  areas  requiring 
NEMA  2  equipment  (Drip  proof  In¬ 
door) 

Correction:  -  15%  to  -f  15%  (.85  to 
1,15  gain)  of  normal  air  flow 

Speed:  60  seconds  from  -15%  to 
+  15%  correction  (max.) 

Load  Indication:  9  position  shorting 
switch  tied  to  Input  arm 

Brake:  Internal  brake  will  hold  load 
at  any  above, rated  force  without 
“coasting” 

Ambient  Temperature  Limits:  0*Fto 
160*F(-18to  +71*0 
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COST  ESTIMATE  ANALYSIS  INVITATION  NO./CONTRACT  NO.  EFFECTIVE  PRICING  DATE  PREPARED 

_ DACA59-90-C-0087  _ DATE  APR.  91 _ 08~Apr-91 

PROJECT  EN  ERGY  SURVEY  OF  ARMY  BOILER  AND  CH ILLER _  _  CODE  A  j  X  j  CODE  sj  |  CODE  C  DRAWING  NO.  SHT  OF 

LOCATION  FT.  SILL.  OKLAHOMA  CZJ  OTHER  _ _ 

ESTIMATOR  KC  CHECKED  BY  CEL 


SHIPPING 

Total 

Wt 

Unit 

Wt 

TOTAL 

$15,590 

<0 

CO 

iA 

$935 

$1,799 

$15,590 

$2,494 

$1,559 

$19,643 

$3,929 

$23,572 

$1,296 

$24,869 

MATERIAL 

Cost 

$9,590 

$840 

$935 

$9,590 

CO 

lO 

$959 

$12,083 

$2,417 

$14,500 

CO 

0> 

rv 

$15,298 

Unit 

Price 

$1 ,800 

_ 

$420 

lO 

CO 

O) 

40 

EQUIPMENT 

Cost 

Unit 

Price 

Ol 

Cost 

$6,000 

$24 

$6,000 

$960 

009$ 

$7,560 

$1,512 

$9,072 

$499 

1/) 

O) 

Unit 

Price 

o 

o 

o 

CO 

CM 

O 

00 

3 

iS  " 

q 

MH/ 

Unit 

90 

Quantity 

Unit 

Meas 

EA 

EA 

3 

TOTAL  THIS  SHEET 

No.  Of 

Units 

CM 

CM 

16.0% 

o 

6 

20.0% 

5.5% 

BOILER  ECO  BLDG.  5676 

BOILER  CONTROL  02  TRIM 

TASK  DESCRIPTION 

02  TRIM  CONTROL 

■ 

ANNUAL  RECURRING  COST 

CC 

O 

CO 

z 

111 

CO 

z 

UJ 

o 

OTHER  MAINTENANCE  COST 

ANNUAL TOTAL 

i 

SUBTOTAL 

OVERHEAD.  BOND 

PROFIT 

COST SUB-TOTAL 

CONTINGENCY 

SUBTOTAL 

S&A 
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DA  FORM  541 8-R,  APR  85 


LIFE  CYCLE  COST  ANALYSIS  SUMMARY  STUDY:  5676EC10 

ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP)  LCCID  1.035 

INSTALLATION  &  LOCATION:  FT.  SILL,  OKLAHOMA  REGION  NOS.  6  CENSUS:  3 

PROJECT  NO.  &  TITLE:  3002-000  ENERGY  STUDY  ARMY  BOILER/CHILLERS 
FISCAL  YEAR  1991  DISCRETE  PORTION  NAME:  BOILER  02  TRIM  CONTROL 
ANALYSIS  DATE:  04-10-91  ECONOMIC  LIFE  15  YEARS  PREPARED  BY;  XC 


1 .  INVESTMENT 

A.  CONSTRUCTION  COST 

B.  SIOH 

C.  DESIGN  COST 

D.  ENERGY  CREDIT  CALC  ( 1A+1B+1C)X.9 

E.  SALVAGE  VALUE  COST 

F.  TOTAL  INVESTMENT  (ID-IE) 


$ 

$ 

$ 

$ 

-$ 

$ 


2.  ENERGY  SAVINGS  (+)  /  COST  (-) 

ANALYSIS  DATE  ANNUAL  SAVINGS,  UNIT  COST  &  DISCOUNTED  SAVINGS 


23572. 

1297. 

1415. 

23656. 

0. 

23656. 


UNIT  COST 

SAVINGS 

ANNUAL  $ 

DISCOUNT 

DISCOUNTED 

FUEL 

$/MBTU(l) 

MBTU/YR(2) 

SAVINGS ( 3 ) 

FACTOR(4) 

SAVINGS ( 5 ) 

A. 

ELECT 

$  4.01 

0. 

$ 

0. 

8.78 

0. 

B* 

DIST 

$  .00 

0. 

$ 

0. 

12.34 

0. 

C. 

RESID 

$  .00 

0. 

$ 

0. 

12.05 

0. 

D. 

NAT  G 

$  2.92 

238. 

$ 

695. 

12.48 

8673. 

E. 

COAL 

$  .00 

0. 

$ 

0. 

10.01 

0. 

F. 

TOTAL 

238. 

$ 

695. 

$ 

8673. 

NON 

ENERGY 

SAVINGS (+)  / 

COST ( - ) 

A. 

ANNUAL 

RECURRING  (+/-) 

$ 

-1799. 

(1)  DISCOUNT  FACTOR 

(TABLE  A) 

9.11 

(2)  DISCOUNTED  SAVING/ COST  (3A  X 

3A1) 

$ 

-16389. 

C. 

TOTAL  NON  ENERGY  DISCOUNTED  SAVINGS (+) 

/COST(-) 

(3A2+3Bd4) 

$ 

-16389. 

D.  PROJECT  NON  ENERGY  QUALIFICATION  TEST 

(1)  25%  MAX  NON  ENERGY  CALC  (2F5  X  .33)  $  2862. 

A  IF  3D1  IS  =  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  =  (2F5+3D1)/1F)=  _ 

C  IF  3D1B  IS  =  >  1  GO  TO  ITEM  4 

D  IF  3D1B  IS  <  1  PROJECT  DOES  NOT  QUALIFY 

4.  FIRST  YEAR  DOLLAR  SAVINGS  2F3+3A+ ( 3B1D/ (YEARS  ECONOMIC  LIFE))  $  -1104. 

5.  TOTAL  NET  DISCOUNTED  SAVINGS  (2F5+3C)  $  -7716. 

6.  DISCOUNTED  SAVINGS  RATIO  (SIR)=(5  /  1F)=  -.33 

(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 

7.  SIMPLE  PAYBACK  PERIOD  (ESTIMATED)  SPB=lF/4  -21.43 
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ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 
FT.  SILL,  OKLAHOMA 

CENTRAL  PLANT:  5676 

ENERGY  CONSERVATION  OPPORTUNITY:  ECO-  12 

SYSTEM  MODIFICATION:  STACK  ECONOMIZERS 
SYSTEMS  TO  MODIFY:  BOILER  1  AND  2 


CALCULATION  DESCRIPTION: 

Two  PC-CUBE  program  computer  runs  are  compared  to  determine  the  energy  savings  for 
ECO-12,  install  stack  economizer  for  boilers. 

The  first  computer  run  (Baseline)  is  a  simulation  of  the  existing  structure,  equipment,  and 
systems,  and  how  they  are  presently  operated.  The  second  computer  run  (ECO)  is  also  a 
simulation  of  the  existing  building  with  modifications  implemented  in  the  systems,  equipment, 
or  the  operation.  The  difference  in  the  totals  from  the  two  computer  runs  represents  the  savings, 


ANNUAL  UTILITY  SAVINGS 


Electric 

Nat.  Gas 

Total  Energy 

PC  CUBE  RUN 

Demand(kW) 

Enerqy(kWh) 

(MMBtu) 

(MMBtu) 

Baseline 

— 

— 

13,462 

13,462 

ECO 

— 

— 

12,744 

12,744 

Savings  (Baseline-ECO) 

0 

0 

718 

718 

NOTE:  The  savings  for  this  ECO  did  not  consider  any  interrelated  savings  with  other 

ECOs  identified  as  economically  feasible. 


ENERGY  COST  SAVINGS: 

Electricity; 

0  MMBtuA'r  X 

$4.0141  /MMBtu  = 

$0  per  year 

Nat.  Gas; 

718  MMBtuA'r  X 

$2.92 /MMBtu  = 

$2,097  per  year 

Total  Energy  Cost  Savings: 

$0  + 

$2,097 

$2,097  per  year 

NON-ENERGY  SAVINGS  (+),  COST  (-): 

Demand: 

0  kW/month  X 

$1.787/kW  X 

12  months/year 

=  (+) 

$0  per  year 

Maintenance:  =  (-) 

$0  per  year 

Total: 

$0 

$0 

$0  per  year 

[ECO-SHT.WIO] 


D-5676-47 


PC-CUBE  VERSION  2,0.3 

CENTRAL  PLANT  5676  BASELINE 

SYSTEM  Cl  NORMAL  HEATING  AND  COOLING 


FUEL  AND  POWER  CONSUMPTION  SYSTEM  Cl 

TOTAL  GAS  CONSUMP. ,  1000  CU  FT  13463. 

PEAK  DAY  GAS  CONSUME.,  1000  CU  FT  137. 

ELECTRICAL  CONSUMPTION,  KWH  298696. 

PEAK  KW  DEMAND  (15  MIN  BASIS)  165. 

PURCHASED  ELECTRIC  POWER 

ON-PEAK  CONSUMPTION  KWH  298696. 

ON-PEAK  KW  DEMAND  (15  MIN  BASIS)  165. 

MID-PEAK  CONSUMPTION  KWH  0. 

MID-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

OFF-PEAK  CONSUMPTION  KWH  0. 

OFF-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

GENERATED  ELECTRICAL  POWER  KWH  0. 

SOLD  ELECTRICAL  POWER  KWH  0. 

AUXILIARY  FUEL  CONSUMPTION  0. 

DIR.  PROC.  GAS  CONSUME.,  1000  CF  0. 

CHILLER  OPERATING  HOURS 

CHILLER  1  3672 

BOILER  OPERATING  HOURS 

BOILER  1  3624 

BOILER  2  2057 

RECOVERABLE  HEAT  USED,  MBTU  0. 

RECOVERABLE  HEAT  UNUSED,  MBTU  0. 


PAGE  NO. 


**  TOTAL  ** 


20 
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PAGE  NO.  8 


PC-CUBE  VERSION  2.0.3 


CENTRAL  PLANT  5676  BOILER  ECO-6 

SYSTEM  Cl  NORMAL  HEATING  AND  COOLING 
FUEL  AND  POWER  CONSUMPTION 


SYSTEM  Cl 


TOTAL  GAS  CONSUMP. ,  1000  CU  FT 
PEAK  DAY  GAS  CONSUMP.,  1000  CU  FT 


12744. 

129. 


ELECTRICAL  CONSUMPTION,  KWH 
PEAK  KW  DEMAND  (15  MIN  BASIS) 
PURCHASED  ELECTRIC  POWER 
ON -PEAK  CONSUMPTION  KWH 
ON-PEAK  KW  DEMAND  (15  MIN  BASIS) 
MID-PEAK  CONSUMPTION  KWH 
MID-PEAK  KW  DEMAND  (15  MIN  BASIS) 
OFF-PEAK  CONSUMPTION  KWH 
OFF-PEAK  KW  DEMAND  (15  MIN  BASIS) 
GENERATED  ELECTRICAL  POWER  KWH 
SOLD  ELECTRICAL  POWER  KWH 


298696. 

165. 

298696. 

165, 

0. 

0. 

0. 

0. 

0. 

0. 


AUXILIARY  FUEL  CONSUMPTION 


DIR.  PROC.  GAS  CONSUMP.,  1000  CF 
CHILLER  OPERATING  HOURS 
CHILLER  1 

BOILER  OPERATING  HOURS 
BOILER  1 
BOILER  2 


0, 

3672 

3624 

1994 


RECOVERABLE  HEAT  USED,  MBTU 
RECOVERABLE  HEAT  UNUSED,  MBTU 


**  TOTAL  ** 
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)k«*apT*i(i)tc 

CUBTOIIGR 

KI1C  EnQlnttort 

MWM8AL  31tt~lC3»0-0-<> 

RUN  00 


KEH'i  um 

iii.  ft'UWOOD  PHINTEO  04/10/?! 

TIIIJIA,!  OKLAHOMA  TIME  0?  HRS  04  MIMS 

CUWT.  REFERENCE 


CYLINDRICAL  l-UEL  ECONOMIZER  M(mL  801140 


OVERALL  PERFORMANCE 


OVER  All.  C0N8TRUCTI0N 


COUNTER  CURRENT  FL.f)W 

FLUID  CIRCULATED  IN  TUDEO  10  WATER 


HEAT  EXCHANOED 
U  EXTERNAL 
LMT1> 


<4.930  IVM.I/MR- OOF r-F 
Dl-G  r- 


PERFCIRMANCE  0PECTFICAT10N8 
TUBE  SIDE  CIAO  BIDE 
❖  T 


VERTICAL  OAO  FLOW 
niMENttlUNB 

1)111  A  (HEIOHT)  V'-VA" 
DIM  B  (NOZ  C-C)  0V9  1/2“ 
DIM  C  (DlAMETEfOS'r-?  3/4“ 
DRAW I MO  HO  V-  A 

lijfjov  iiii.„c;)wt!;Rii)  are  built  in 


HCIZ/LE  aiZE  2,0 

SURFACE  AREA  49A. 

LIWUID  WEIWHT  178.': 

UNIT  WCaOHT(DRY)  1760. 


IN 

M.8CIFT 


CONSTRUCTION 

TUBE 


SPECIFICATIONS 

SIDE 


:lb 


LB 


FLOW  RATE 
TEMP  IN 
TEMP  OUT 
PRE«  IN 
PRES  DROP 


*20.. 

10307. 

I..B/III!! 

DEO I ON  PRESSURE 

490. 

PBX 

100.0 

»00.0 

i>t:u-  F 

TEST  PRESSURE 

7?J». 

PSX 

299.1 

DlilO  F 

DES I  ON  TEMP'ERATURE 

700. 

DtEO 

lV.lO-0 

PS 10  IA.7 

PViJIA 

TUBE  OUTSIDE  DIA 

2.000 

IN 

1.1 

PS I  .77 

IN  WATEI!! 

MATERIAL 

C/STL ; 

FIN  THICKNESS 

.060 

IN 

PITCH 

4.00 

FINS. 

MATERIAL 

C/STL 

XHOULATION 

MATER.!  AL 

MINERAL  wool 

THICKNESS 

2.0 

IN 
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a 

KHtllM 

ratSM  MMMTIM 

PABRICA 

rEDPRObubTS 

4110  I.  Blwood 
Tulaif  oklabosa  74107 
Fbsaai  <4U)  44«>4B41 
rAXi  («1B)  AAi-lllQ 


QUOTATION 


lOUbTATlOM  DATI 

1  04/10/41 

fOU»  R6FEROICE 

SI  iiriiHU  ' — 
31«-10S90-0*0 

SHIPPINO  IITIKAie 

4  H.akB* 

TERHI 

Nat  30  Oaya 

PASS  1  OP  2 

BMC  BngiiiBBM 

3790  South  Hodoworth  Blvdi 

Mavor^  GO  B0237 

Attontiooi  Mr.  Donniv  Jonas 


NIPPIKQ  DCSriNATION 


ir.o.B. 


jCantuba  ihoy* ^ 


THANK  YOU  FOR  YOUR  INOUIR  Y.  WB  APPRECIATE  THE  OPPORTUNITY  TO  PROPOSE  THE  POIXOWINOi 


Uiij 

dMMTITY 

OISCRIPTION 

UNIT  AHOUNT 

-jg-f. 

A 

1 

1  1 

1 

Koatubo  AIVAOHIABA  Mol  'Beeneaicor  Cyllndriool 

HiMl.l  aOtllO^  in  aceordone.  with  the  attached 
perforshnee  tpooifiootlonot 

bSStOH  rBAlUABS 

Piimsd  tub«  unit;  4  Flos  par  inch; 

Vartioal  ^aa  flow;  Counter-currant  flow 

Fuel  tfpai  NhsuRJOi  OASa 

KstlMatad  Bhipplng  Height  1768o  LBSa 

Preesure  parte  to  Beotion  t  of  the  ASHE  Boiler 

A  PreiBure  Veeiel  Coda* 

BBtomal  3**  ineulatioB  with  weatherproof, 
oorrugeted  oaeing  ie  included • 

shreaded  drain  and  vent  eonnectione  inoludedi 

Kentube  annually  operated  aootblower,  integral  with 
unit,  included t  Requires  85  psig  to  250  psig 
■upplj  preeauro* 

S  A  >'V 

,1,  t>n|>  V 

A  tf«y>v  «ii  s«w- 1  M»lf  jbShkMeeevo  li  nlu* 

■  »>'a  )<•«•  i  i4(w«^:<e'Ai474'ne 

•!.  a  e  •■>  a:.  «(i  :eiMae4 

V  «.  hiMM44t*1'  >4A'<a  a'P.MeoM 

,  iV.Vm  tA 

■■'{;yssw«',:f«!«s£3Asisw 

$  3f3ia. 

,  ■  / 

CNClOlUREI 

ool  sad  D.  Millar  Aaiooiataa 


NOTIi  All  shipping  «st1mit«s  «r«  bssvd  sn  ‘‘sftvr  rscslpt  of  Qrd«r*'  iind  "af^sr  final  print  approvals'* 
as  rovulrsd.  ihfpawnls  can  ofun  bt  lapravad  roquast.  Plaaic  contact  Kantubs. 

Pricfi  firm  for  30  days  ami  vubisct  to  chonoo  tharaaftar.  No  provision  l«  aadt  for  ffdaril, 
Itili  or  Kunicfpsl  toAtfi  AU  orolori  ort  oubjoet  to  aocoptarvct  or  rojaetion  by  tht  Cradit  Oapartaant 
of  Kantubf  and  to  tha  Ttnna  of  Bolt  Bttichad. 


TOM  REPRESENTATIVE  ISt 
/feed  0>  Nixie,  ha.eeietea 

TOUR  ORDER  WILL  RECltvi  OUR  PROMPT  ATTENTION 

^  '  KENTUIE  FURiCATED  PROOUCTN 

3140  ebuth  ivanhoe 

OenVeri  00  S0323 

Xdarry  iHolfdwarger 

Product  Salee  Engineer 
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□ 


f,  •.  ' 


■tfnwp  f  feMWl 


fabricated  product^ 


Kua  ntfiiiAfera 


Quowicii 


/3lt-t0380>0-0 


imaEamaii 


MSCkIPTION 


■UOaESTED  KCCBffOfttM 


(Qukntititt  below  ere  for  eooh  unit) 

■olted  eeoeee  ntnitaT  in  eating/  epproxinetely 
18*  Square/  earbon  ateel  oonstruotion. 

1/2"  Threaded  oonneotlon  for  tafaty  relief 
valve  ea  header • 

1/2"  Threaded  aafety  relief  valve,  Kunkle 
eeriee  827 . 


•  All  prepaid  and  bill  ahiptaente  will  be  at  the  bill¬ 
able  freight  aeount  plua  a  aervice  oharge  of  10%. 

A  aervice  charge  ia  not  required  for  collect 
ahlpeenta  or  third  party  billing. 

************************ 

*  KRHTUBS  ia  a  menbar  of  the  * 

*  AMOCRXCAN  BOtriER  UAHUraCTURBHS  ASSOCIATIOM  * 
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COST  ESTIMATE  ANALYSIS  INVITATION  NO./CONTRACT  NO.  EFFECTIVE  PRICING  DATE  PREPARED 

_ _ _ _ DACA  59-90 -C -0087  _ DATE  APR.  91 _ 11 -Apr-91 _ 

PROJECT  ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER _  _  CODE  a|  X  |  CODE  b|  |  CODE  C  DRAWING  NO.  SHT  OF 

LOCATION  FT.  SILL,  OKLAHOMA  _  OTHER  _ _ 

ESTIMATOR  KC  CHECKED  BY  CEL 


<5 

z - 

Q- 

W  I  I 


<\J  CO  CO  flO 

CO  CO  00 

00  T-  0)  w 

<»  CO'  r-' 

'T-  ^  cvi 

4^ 


0>  O)  (0_  0) 
^  0>  -r-  r- 


tr _ 

m  -  ® 

<f  ^ 


0) 

2  =>  s 


=>  i 


o  °  I 


o 

<» 

CO 

o 

o 

O) 

o> 

o> 

a> 

0) 

0> 

IT- 

a> 

0> 

0) 

T“ 

T— 

C\l 

4^ 

1 

S?  u  ^ 

2  o  H 


a  uj  o  S  z  a  < 

3  >  OC  o  o  3  3 

a  o  a.  u  u  a  CO 
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LIFE  CYCLE  COST  ANALYSIS  SUMMARY  STUDY:  5676EC11 

ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP)  LCCID  1.035 

INSTALLATION  &  LOCATION:  FT.  SILL,  OKLAHOMA  REGION  NOS.  6  CENSUS:  3 
PROJECT  NO.  &  TITLE:  3002-000  ENERGY  STUDY  ARMY  BOILER/CHILLERS 
FISCAL  YEAR  1991  DISCRETE  PORTION  NAME:  ECONOMIZER  AIR  PREHEAT 
ANALYSIS  DATE:  04-11-91  ECONOMIC  LIFE  25  YEARS  PREPARED  BY:  KC 

1 .  INVESTMENT 


A. 

CONSTRUCTION  COST 

$ 

29286. 

B. 

SIOH 

$ 

1611. 

C* 

DESIGN 

COST 

$ 

1758. 

D. 

ENERGY 

CREDIT  CALC  ( lA+lB+lC ) X . 9 

$ 

29390. 

E. 

SALVAGE 

VALUE  COST 

-$ 

0. 

F. 

TOTAL  INVESTMENT  (ID- 

IE) 

$ 

29390. 

ENERGY  SAVINGS  (+)  /  COST  (-) 

ANALYSIS  DATE  ANNUAL  SAVINGS,  UNIT  COST  & 

DISCOUNTED  SAVINGS 

UNIT  COST 

SAVINGS 

ANNUAL  $ 

DISCOUNT 

DISCOUNTED 

FUEL 

$/MBTU(l) 

MBTU/YR(2) 

SAVINGS ( 3 ) 

FACTOR(4) 

SAVINGS ( 5 ) 

A. 

ELECT 

$  4.01 

0. 

$ 

0. 

11.37 

0. 

B. 

DIST 

$  .00 

0. 

$ 

0. 

17.06 

0. 

C, 

RESID 

$  .00 

0. 

$ 

0. 

16.85 

0. 

D. 

NAT  G 

$  2.92 

718. 

$ 

2097. 

17.52 

36732. 

E. 

COAL 

$  .00 

0. 

$ 

0. 

13.34 

0. 

F. 

TOTAL 

718. 

$ 

2097. 

$ 

36732. 

NON  ENERGY 

SAVINGS (+)  / 

COST(-) 

A, 

ANNUAL 

RECURRING  (+/ 

-) 

$ 

0. 

(1)  DISCOUNT  FACTOR 

(TABLE  A) 

11.65 

(2)  DISCOUNTED  SAVING/COST  (3A  X 

3A1) 

$ 

0. 

C. 

TOTAL  NON  ENERGY  DISCOUNTED  SAVINGS (+) 

/COST(“) 

(3A2+3Bd4) 

$ 

0. 

D. 

PROJECT  NON  ENERGY  QUALIFICATION 

TEST 

(1)  25%  MAX  NON  ENERGY  CALC  (2F5  X  .33)  $  12121. 

A  IF  3D1  IS  =  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  =  ( 2F5+3D1 ) /IF ) = 

C  IF  3D1B  IS  =  >  1  GO  TO  ITEM  4 

D  IF  3D1B  IS  <  1  PROJECT  DOES  NOT  QUALIFY 

4.  FIRST  YEAR  DOLLAR  SAVINGS  2F3+3A+(3B1D/ (YEARS  ECONOMIC  LIFE))  $  2097. 

5.  TOTAL  NET  DISCOUNTED  SAVINGS  (2F5+3C)  $  36732. 

6.  DISCOUNTED  SAVINGS  RATIO  (SIR)=(5  /  1F)=  1.25 

(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 

7.  SIMPLE  PAYBACK  PERIOD  (ESTIMATED)  SPB=lF/4  14.02 
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CENTRAL  PLANT  5678 


ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 
FT.  SILL,  OKLAHOMA 

CENTRAL  PLANT:  5678 

ENERGY  CONSERVATION  OPPORTUNITY:  ECO-  4 

SYSTEM  MODIFICATION:  INSTALL  ICE  STORAGE  COOLING  SYSTEM 
SYSTEMS  TO  MODIFY: 


CALCULATION  DESCRIPTION: 

Hand  calculation  sheet  was  prepared  to  determine  the  energy  savings  for 
ECO-4,  install  ice  storage  system  for  HVAC  cooling. 

It  was  estimated  that  the  peak  electrical  demand  can  be  saved  by  installing  ice  storage 
cooling  system. 


ANNUAL  UTILITY  SAVINGS 


PC  CUBE  RUN 

Electric 

Nat.  Gas 
(MMBtu) 

Total  Energy 
(MMBtu) 

Demand(kW) 

Energv(kWh) 

Baseline 

— 

— 

— 

0 

ECO 

— 

— 

— 

0 

Savinas  (Baseline-ECO) 

142 

0 

0 

0 

NOTE:  The  savings  for  this  ECO  did  not  consider  any  interrelated  savings  with  other 

ECOs  identified  as  economically  feasible. 


ENERGY  COST  SAVINGS: 

Electricity: 

Nat.  Gas: 

Total  Energy  Cost  Savings: 


0  IVIMBtum  X 

0  MMBtuA'r  X 

$0  + 


NON -ENERGY  SAVINGS  (+),  COST  (-): 


Demand: 


142  kW/month 


$4.0141  /MMBtu  = 
$2.92/MMBtu  = 
$0 

$1.787/kW  X 


$0  per  year 
$0  per  year 
$0  per  year 

12  months/year 


=  (+) 

$3,045  per  year 

Maintenance: 

=  (-) 

$0  per  year 

Total: 

$3,045 

$0 

= 

$3,045  per  year 

IECO-SHT.WK3] 
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A  new  application  of  an  old  idea  that  can 
cut  air  conditioning  energy  costs  in  half. 


Air  conditioning  during  summer  daytime  hours 
is  the  largest  single  contributor  to  utility 
“peak  demand"  charges.  After  noon,  as  more  air 
conditioners  are  needed  to  maintain  comfortable 
temperatures,  the  increased  demand  for  electricity 
adds  to  that  already  created  by  lighting,  operating 
equipment,  computers  and  thousands  of  other 
uses.  This  requires  the  utility  to  bring  additional, 
more  costly  generating  sources  on  line  to  handle 
its  increased  demand.  Commercial  users  whose 
large  air  conditioning  loads  contribute  to  these 
added  generating  requirements  are  assessed  an 
additional  charge  based  on  their  highest  on-peak 
demand  for  electricity. 

An  Ice  Bank  Stored  Cooling  System  is  either  a 
load-shifting  or  load-leveling  method  which  will 
significantly  lower  demand  charges  during  the 
air  conditioning  season  and,  consequently, 
energy  costs.  It  uses  a  standard  packaged  chiller 
to  produce  solid  ice  at  night  during  off-peak 
periods  when  the  building’s  electrical  needs  are 
at  a  minimum.  The  ice  is  built  and  stored  in 
modular  ice  tanks  to  provide  cooling  to  help  meet 
the  building’s  air  conditioning  load  requirement 
the  following  day. 


Making  ice  at  night  and  using  its  stored  energy 
during  the  day  is  not  a  new  or  experimental  idea. 
This  concept  had  been  employed  for  years  in 
cooling  short-peak  applications  such  as  churches 
and  theatres.  However,  longer  peak  uses  were 
served  by  air-source  rooftop  and  chiller-type 
air  conditioners  which  were  less  costly  to  install. 
Now  there  is  renewed  interest  in  a  broad  use  of 
ice-making  systems  by  both  users  and  utilities 
as  the  best  way  to  offset  rising  operating  costs. 

In  fact.  Stored  Cooling  Systems  are  what  summer- 
peaking  utilities  must  have  to  avoid  the  unbearable 
costs  of  new  generating  plants. 


Ice  Banks  not  only  can  cut  operating  costs  in  half 
but  they  can  also  substantially  reduce  capital 
outlays  when  systems  are  suitably  desjgned  for 
new  commercial  and  industrial  buildings. 
Engineers  can  specify  half-size  chillers  operating 
24  hours  a  day  rather  than  full-size  chillers 
operating  only  10  or  12  hours  per  day.  In  retrofit 
applications,  an  Ice  Bank  Stored  Cooling  System 
can  often  provide  cooling  for  an  addition  to  a 
building  without  adding  chiller  capacity. 


Atlantic  Southern  Properties  Mays  Landing  NJ 
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How  the  LEV LOAD  System  Works 


The  LEVLCAD  Ice  Bank  is  a  modular,  insulated  polyethylene 
tank  containing  a  spiral-wound  plastic  tube  heat  exchanger 
surrounded  with  water.  They  are  available  in  four  sizes  -  90, 
100, 190  and  570  ton-hours.  At  night,  a  75  percent  water - 
25  percent  glycol  solution  from  a  standard  packaged  air 
conditioning  chiller  circulates  through  the  heat  exchanger 
and  extracts  heat  until  eventually  all  the  water  in  the  tank 
is  frozen  solid.  The  ice  is  built  uniformly  throughout  the  tank 
by  the  patented  temperature-averaging  effect  of  closely 
spaced  counterflow  heat  exchanger  tubes.  Figure  5.  Water 
does  not  become  surrounded  by  ice  during  the  freezing 
process  and  can  move  freely  as  ice  forms,  preventing 
stress  or  damage  to  the  tank. 


Typical  flow  diagrams  for  a  Partial  Storage  System  are 
shown  in  Figures  6  and  7. 


At  night,  the  water-glycol  solution  circulates  through  the 
chiller  and  the  Ice  Bank  heat  exchanger,  bypassing  the 
air  handler  coil.  The  fluid  is  at  26F  and  freezes  the  water 
surrounding  the  heat  exchanger. 

During  the  day,  the  solution  is  cooled  by  the  Ice  Bank  from 
52F  to  34F  A  temperature  modulating  valve  set  at  44F  in  a 
bypass  loop  around  the  Ice  Bank  permits  a  sufficient  quantity 
of  52F  fluid  to  bypass  the  Ice  Bank,  mix  with  the  34F  fluid, 
and  achieve  the  desired  44F  temperature.  The  44F  fluid 
enters  the  coil,  where  it  cools  air  from  75F  to  55F.  The  fluid 
leaves  the  coil  at  60F  enters  the  chiller  and  is  cooled  to  52F 

It  should  be  noted  that  while  making  ice  at  night  the 
chiller  must  cool  the  water-glycol  solution  to  26Fi  rather 
than  produce  44  or  45F  water  temperatures  required  for 
conventional  air  conditioning  systems.  This  has  the  effect 
of  “derating”  the  nominal  chiller  capacity  by  approximately 
30  percent  Compressor  efficiency,  however,  is  only  slightly 
reduced  because  lower  nighttime  temperatures  result  in 
cooler  condenser  water  from  the  cooling  tower  and  help 
keep  the  unit  operating  efficiently.  Similarly,  air  cooled 
chillers  benefit  from  cooler  condenser  entering  air 
temperatures  at  night 

The  temperature  modulating  valve  in  the  bypass  loop  has 
the  added  advantage  of  providing  unlimited  capacity 
control.  During  many  mild  temperature  days  in  the  spring 
and  fall,  the  chiller  will  be  capable  of  providing  all  the 
necessary  cooling  for  the  building  without  assistance  from 
stored  cooling.  When  the  building’s  actual  cooling  load  is 
equal  to  or  lower  than  the  chiller  capacity,  all  of  the  system 
coolant  flows  through  the  bypass  loop,  as  in  Figure  8. 


The  glycol  recommended  for  the  solution  is  an  ethylene 
glycol-based  industrial  coolant,  such  as  Dow  Chemical 
Company’s  Dowtherm*  SR-1  or  Union  Carbide  Corporation’s 
UCARTHERMf  which  are  specialty  formulated  for  low 
viscosity  and  superior  heat  transfer  properties.  These  contain 
a  multi-component  corrosion  inhibitor  system  which  is 
effective  with  most  materials  of  construction,  including 
aluminum,  copper,  solder  and  plastics.  Unlike  automotive- 
type  anti-freeze,  they  produce  no  films  and  contain  no 
anti-leak  agents  to  interfere  with  heat  transfer  efficiency 
and  permit  use  of  standard  system  pumps,  seals  and  air 
handler  coils.  However,  because  of  the  slight  difference  in 
heat  transfer  coefficient  between  water-glycol  and  plain 
water,  coil  capacity  should  be  increased  by  approximately 
5  percent.  It  is  also  important  that  the  water  and  glycol  be 
thoroughly  mixed  before  the  solution  enters  the  system. 
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LIFE  CYCLE  COST  ANALYSIS  SUMMARY  STUDY:  5678EC4 

ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP)  LCCID  1.035 

INSTALLATION  &  LOCATION;  FT.  SILL,  OKLAHOMA  REGION  NOS.  6  CENSUS;  3 

PROJECT  NO.  &  TITLE;  3002-000  ENERGY  SURVEY  OF  ARMY  BOILER/CHILLERS 
FISCAL  YEAR  1991  DISCRETE  PORTION  NAME;  ICE  STORAGE  COOLING  SYSTEM 
ANALYSIS  DATE;  04-18-91  ECONOMIC  LIFE  25  YEARS  PREPARED  BY;  KC 

1 .  INVESTMENT 

A.  CONSTRUCTION  COST 

B.  SIOH 

C.  DESIGN  COST 

D.  ENERGY  CREDIT  CALC  ( lA+lB+lC) X. 9 

E.  SALVAGE  VALUE  COST 

F.  TOTAL  INVESTMENT  (ID- IE) 

2.  ENERGY  SAVINGS  (+)  /  COST  (-) 

ANALYSIS  DATE  ANNUAL  SAVINGS,  UNIT  COST  &  DISCOUNTED  SAVINGS 


UNIT  COST 

SAVINGS 

ANNUAL 

$ 

DISCOUNT 

DISCOUNTED 

FUEL 

$/MBTU(l) 

MBTU/YR(2) 

SAVINGS (3) 

FACTOR(4) 

SAVINGS { 5 ) 

A. 

ELECT 

$  4.01 

0. 

$ 

0. 

11.37 

0. 

B. 

DIST 

$  .00 

0. 

$ 

0. 

17.06 

0. 

C. 

RESID 

$  .00 

0. 

$ 

0. 

16.85 

0. 

D. 

NAT  G 

$  2.92 

0. 

$ 

0. 

17.52 

0. 

E* 

COAL 

$  .00 

0. 

$ 

0. 

13.34 

0. 

F. 

TOTAL 

0. 

$ 

0. 

$  0. 

NON 

ENERGY 

SAVINGS (+)  / 

COST(-) 

A. 

ANNUAL 

RECURRING  (+/ 

-) 

$  3045. 

(1)  DISCOUNT  FACTOR 

(TABLE  A) 

11.65 

(2)  DISCOUNTED  SAVING/COST  ( 3A  X 

3A1) 

$  35474. 

C.  TOTAL  NON  ENERGY  DISCOUNTED  SAVINGS(+)  /COST(-)  (3A2+3Bd4)  $  35474. 


D.  PROJECT  NON  ENERGY  QUALIFICATION  TEST 

(1)  25%  MAX  NON  ENERGY  CALC  (2F5  X  .33)  $ 

A  IF  3D1  IS  =  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  =  (2F5+3D1 ) /IF) 

C  IF  3D1B  IS  =  >  1  GO  TO  ITEM  4 

D  IF  3D1B  IS  <  1  PROJECT  DOES  NOT  QUALIFY 

4.  FIRST  YEAR  DOLLAR  SAVINGS  2F3+3A+(3B1D/ (YEARS  ECONOMIC  LIFE))  $  3045. 

5.  TOTAL  NET  DISCOUNTED  SAVINGS  (2F5+3C)  $  35474. 

6.  DISCOUNTED  SAVINGS  RATIO  (SIR)=(5  /  1F)=  .74 

(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 

****  Project  does  not  qualify  for  ECIP  funding;  4,5,6  for  information  only. 

7.  SIMPLE  PAYBACK  PERIOD  (ESTIMATED)  SPB=lF/4  15.82 


$  48000. 

$  2640. 

$  2880. 

$  48168. 

-$  0. 

$  48168. 
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ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 
FT.  SILL,  OKLAHOMA 

CENTRAL  PLANT:  5678 

ENERGY  CONSERVATION  OPPORTUNITY:  ECO-  5(A) 

SYSTEM  MODIFICATION:  TWO  SPEED  FANS  FOR  COOLING  TOWER 
SYSTEMS  TO  MODIFY:  COOLING  TOWER 


CALCULATION  DESCRIPTION: 

Two  spread  sheets  are  compared  to  determine  the  energy  savings  for 
ECO-5,  install  two-speed  (5A)  or  variable  speed  (5B)  motors  for  cooling  tower. 

The  spread  sheets  is  a  simulation  of  the  existing  structure,  equipment,  and 

systems,  and  how  they  are  presently  operated.  The  spread  sheets  is  also  a 

simulation  of  the  existing  building  with  modifications  implemented  in  the  systems,  equipment, 

or  the  operation.  The  difference  in  the  totals  from  the  spread  sheets  represents  the  savings. 


ANNUAL  UTILITY  SAVINGS 


PC  CUBE  RUN 

Electric 

Nat.  Gas 
(MMBtu) 

Total  Energy 
(MMBtu) 

Oemand(kW) 

Energy(kWh) 

Baseline 

— 

6,153 

— 

21 

ECO 

— 

2,280 

— 

8 

Savings  (Baseline -ECO) 

0 

3.873 

0 

13 

NOTE;  The  savings  for  this  ECO  did  not  consider  any  interrelated  savings  with  other 
ECOs  identified  as  economically  feasible. 


ENERGY  COST  SAVINGS: 

Electricity: 

13  MMBtuA'r  X 

$4.0141  /MMBtu  = 

$53  per  year 

Nat.  Gas; 

0  MMBtu/Yr  X 

$2.92 /MMBtu  = 

$0  per  year 

Total  Energy  Cost  Savings: 

$53  + 

$0 

$53  per  year 

NON-ENERGY  SAVINGS  (+),  COST  (-); 

Demand: 

0  kW/month  X 

$1 .787  /kW  X 

12  months/year 

=  (+) 

$0  per  year 

Maintenance:  =  (-) 

$0  per  year 

Total: 

$0 

$0  = 

$0  per  year 

[ECO-SHT.WK3I 
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Two-Speed  cooling  tower  and  variable  speed  cooling  tower  calculation  description: 


1.  The  design  conditions  were  taken  from  the  original  design  documents,  including  wet 
bulb  temperatures,  condenser  water  flow,  and  condenser  supply  and  return 
temperatures. 

2.  Based  on  an  assumed  liquid  to  gas  ratio,  the  delta  enthalpy  was  calculated  for  entering 
air  versus  leaving  air  conditions.  The  final  total  enthalpy  of  the  leaving  air  was 
calculated  based  on  the  design  entering  air  enthalpy  plus  the  delta  enthalpy. 

3.  The  fan  motor  kW  is  based  on  field  measurements. 

4.  The  "WET  BULB  AVERAGES"  are  the  wet  bulb  temperatures  calculated  for  4  hour  bins, 
for  each  cooling  month,  from  ASHRAE  weather  data  for  Oklahoma  City,  Oklahoma 
(part  1). 

5.  The  "ENTHALPY  FOR  AVERAGE  WET  BULBS"  are  the  enthalpy  for  each  of  the  wet- 
bulb  (part  1.),  determined  from  look-up  tables  (part  2). 

6.  The  "COOLING  PROFILE  OF  CENTRAL  PLANTS,"  is  the  average  %  load  estimated  for 
the  chiller  plant,  for  the  time  bins  (part  3).  Note  there  is  0%  load  for  those  hours  when 
the  chiller  is  assumed  to  be  off. 

The  "PEAK  LOAD"  per  month  is  the  estimated  peak  hourly  load  (part  3,  last  column). 

7.  The  "RATIO  OF  AVERAGE  MONTHLY  ENTHALPY  TO  DESIGN  ENTHALPY’  for  time 
bins  (part  4)  = 

(Total  exit  air  design  enthalpy  nunus  average  monthly  enthalpy,  part  2)  /  (entering  air 
design  enthalpy) 

The  "DAYS  PER  MONTH  OPER."  is  the  total  days  per  month  the  cooling  tower 
operates  (part  4,  last  columm). 

8.  The  "%  DESIGN  LOAD"  on  tower  for  time  bins  (part  5)  = 

(7o  load  on  plant,  part  3  *  monthly  peak  load,  part  3)  /  (  Highest  monthly  peak  load, 
part  3)  "^  ( 1  /  ratio  of  monthly  enthalpy,  part  4) 

9.  For  a  single  speed  cooling  tower  fan  the  energy  usage  (kWh)  is  based  on  the  idea  that 
the  tower  fan  cycle  in  direct  proportion  to  the  %  design  load  on  the  tower,  (part  6)  = 

kWh  per  bin  =  (total  fan  power  kW)  *  (%  design  load,  part  5  4  hours  per  bin  *  days 

per  month) 

Total  kWh  =  sum  of  all  kWh  bins 
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10. 


For  a  two-speed  cooling  tower  fan  the  energy  usage  (kWh)  is  based  on  the  premise  that 
when  a  tower  cell  is  at  less  than  50%  of  its  design  load,  it  operates  at  half  speed.  A  fan 
running  at  half  speed  uses  14%  of  the  maximum  power  input  (part  7).  The  control 
sequence  is: 

•  0-50%  load,  fan  1,  half  speed  cycling. 

•  50-100%  load,  fan  1  full  speed  cycling. 

kWh  per  bin,  for  %  design  loads  less  than  50%  load  =  (fan  1  power  kW)  *  14%  * 
(%design  load  /  50)  *  4  hours  per  bin  *  days  per  month. 

kWh  per  bin,  for  %  design  loads  50%  to  100%  load  =  ( fan  1  power  kW  *  ((%  design 
load)/  100)  *  4  hours  per  bin  *  days  per  month  ) 

kWh  total  =  sum  of  all  kWh  bins 


11.  For  a  variable  speed  cooling  tower  fan  the  energy  usage  (kWh)  is  based  on  the  premise 
that  the  tower  fan  percent  air  volume  is  directly  proportional  to  the  percent  load  on  the 
cooling  tower;  and  the  fan  energy  is  proportational  to  the  cube  of  the  air  volume.  The 
calculations  take  into  account  multi-cell  towers  (part  8): 

kWh  per  bin,  for  0  to  100%  load  =  (  total  fan  power  kW)  *  ((%  design  load)^  /  80% 
efficiency  )  *  4  hours  per  bin  *  days  per  month. 

kWh  total  =  sum  of  all  kWh  bins 
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CENTRAL  PLANT  5678 

DESIGN  CONDITIONS 

-  WBT  (DB,  DEG  F) 

77 

-  WATER  FLOW  (gpm) 

570 

-  CNWR  (DEG  F) 

95 

-  CNWS  (DEG  R 

85 

ASSUMPTION  LIQUID  TO  GAS  RATIO 

2 

-  AIR  FLOW  (LBS/MIN) _ 

2365.5 

HEAT  REJECTION  CAPACITY  (Btu/min) 

47310 

DELTA  ENTHALPY  (Btu/lb) 

20 

DESIGN  ENTHALPY  (Btu/lb) 

40.57 

TOTAL  ENTHALPY 

60.57 

EXIT  AIR  WB  (LOOK  UP) 

93.2 

SPECIFIC  VOLUME  OF  EXIT  AIR  (LOOK  UP) 

15.1 

100%  DESIGN  CFM  @  WB 

35719 

MOTOR  DATA 

-  FAN  1  POWER  (kW) 

5.4 

-  FAN  2  POWER  (kW) 

0 

-  FAN  3  POWER  (kW) 

d 

-  FAN  4  POWER  (kW) 

0 

ASHRAE  WEATHER  DATA  -  OKLAHOMA  CITY,  OKLAHOMA 


WET- BULB  AVERAGES  ( 

'4  hour  bins) 

DESIGN 

WB 

1-4 

5-8 

9-12 

13-16 

17-20 

21-24 

APRIL 

48.6 

47.8 

52.2 

55.6 

54.6 

51.4 

77 

MAY 

57.1 

56.6 

61.2 

63.9 

63^ 

59.4 

77 

JUNE 

66.8 

66.6 

69.9 

71 

70.5 

68.2 

77 

JULY 

70.8 

70.9^ 

74.5 

76 

74.9 

72.6 

77 

AUGUST 

66.9 

67 

71 

72 

71 

68.5 

77 

SEPTEMBER  ^ 

65.1 

64.9 

67.8 

68.9 

67.4 

65.6 

77 

OCTOBER 

51.2^ 

50.4 

55.1 

57.5 

55.2 

52.5 

77 
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ENTHALPY  FOR  AVERAGE  WET- BULBS  i 

DESIGN 

ENTHALPY 

1-4 

5-8 

9-12 

13-16 

17-20 

21  -24 

APRIL 

19.64 

19.11 

21.55 

23,58 

22.98 

21.09 

40.57 

MAY 

24.53 

24.21 

27.28 

29.23 

28.57 

26.06 

40.57 

JUNE 

31.47 

31.31 

34.01 

34.95 

34.51 

32.59 

40.57 

JULY 

34.77 

34.86 

38.14 

39.57 

38.52 

36.37 

40.57 

AUGUST 

31.54 

31.62 

34.95 

35.83 

34.95 

32.84 

40.57 

SEPTEMBER 

30.13 

29.98 

32.25 

33.09 

31.93 

30.52 

40.57 

OCTOBER 

20.98 

20.53 

23.28 

24.72 

23.34 

21.72 

40.57 

PEAK 

LOAD 

COOLING  PROFILE  OF  CENTRAL  PLANTS 

1-4 

5-8 

9-12 

13-16 

17-20 

21-24 

(Btuh) 

APRIL 

0 

0 

0 

0 

0 

0 

0 

MAY 

0.3 

0.3 

0.7 

0.7 

0.3 

0.3 

1739000 

JUNE 

0.3 

0.3 

0.7 

0.7 

0.3 

0.3 

2056000 

JULY 

0.3 

0.3 

0.7 

0.7 

0.3 

0.3 

2056000 

AUGUST 

0.3 

0.3 

0.7 

0.7 

0.3 

0.3 

2056000 

SEPTEMBER 

0.3 

0.3 

0.7 

0.7 

0.3 

0.3 

2056000 

OCTOBER 

0 

0 

0 

0 

0 

0 

0 

RATIO  OF  MONTHLY  ENTHALPY  TO  DESIGN  ENTHALPY 

DAYS  PER 
MONTH  OPER. 

1-4 

5-8 

9-12 

13-16 

17-20 

21  -24 

APRIL 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

30 

MAY 

1.8 

1.8 

1.7 

1.6 

1.6 

1.7 

31 

JUNE 

1.5 

1.5 

1.3 

1.3 

1.3 

1.4 

30 

JULY 

1.3 

1.3 

1.1 

1.1 

1.1 

1.2 

31 

AUGUST 

1.5 

1.4 

1.3 

1.2 

1.3 

1.4 

31 

SEPTEMBER 

1.5 

1.5 

1.4 

1.4 

1.4 

1.5 

30 

OCTOBER 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

31 
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%  DESIGN  LOAD _  DAYS  PER 


1-4 

5-8 

9-12 

13-16 

17-20 

21-24 

MONTH  OPER. 

APRIL 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

MAY 

14.1 

14.0 

35.6 

37.8 

15.9 

14.7 

31 

JUNE 

20.6 

20.5 

52.7 

54.6 

23.0 

21.4 

30 

JULY 

23.3 

23.3 

62.4 

66.7 

27.2 

24.8 

31 

AUGUST 

20.7 

20.7 

54.6 

56.6 

23.^ 

21.6 

31 

SEPTEMBER 

19.7 

19.6 

49.4 

50.9 

20.9 

20.0 

30 

OCTOBER 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

31 

_ _ SINGLE  SPEED  CONTROL  (kWh)  _  TOTAL 

1Z4  I  sZa  9-12  I  13-16  M-20  \  21-24  "  (kWh) 


APRIL 

0 

0 

0 

0 

0 

0 

MAY 

94 

93 

238 

253 

106 

98 

JUNE 

134 

133 

342 

354 

149 

139 

JULY 

156 

156 

418 

446 

182 

166 

AUGUST 

138 

139 

366 

379 

157 

145 

SEPTEMBER 

1281 

127 

320 

330 

136 

129 

OCTOBER 

0 

o1 

0 

0 

0 

0 

TOTAL 

650 

648 

1684 

1763 

730 

678 

6153 

TWO  SPEED  CONTROL  (kWh)  _  TOTAL 


1-4 

5-8 

9-12 

13-16 

17-20 

21-24 

(kWh) 

APRIL 

0 

0 

0 

0 

0 

0 

MAY 

26 

26 

67 

71 

30 

28 

JUNE 

37 

37 

126 

151 

42 

39 

JULY 

44 

44 

260 

317 

51 

46 

AUGUST 

39 

39 

156 

182 

41 

SEPTEMBER 

36 

36 

90 

103 

38 

36 

OCTOBER 

0 

0 

0 

0 

0 

0 

TOTAL 

182^ 

182 

698 

824 

204 

190 

2280 

D-5678-10 


DATE  PREPARED 

08“Apr-91 

SHT  OF 

CHECKED  BY  CEL 

SHIPPING 

Total 

Wt 

Unit 

Wt 

EFFECTIVE  PRICING 

DATE  APR.  91 

DRAWING  NO. 

ESTIMATOR  KC 

TOTAL 

$1,397 

$941 

$100 

$65 

$82 

$107 

$2,693 

$431 

$269 

$3,394 

$679 

$4,072 

$224 

<0 

0) 

CM 

44 

MATERIAL 

Cost 

1358.00 

859.00 

o 

q 

S 

CM 

00 

<o 

1 

$2,305 

o> 

<D 

CO 

CO 

CM 

$2,905 

00 

lO 

$3,486 

$192 

h- 

1^ 

9 

co‘ 

44 

INVITATION  NO./CONTRACT  NO. 

DACA  59-90-C--0087 

Unit 

Price 

1358.00 

o 

9 

O) 

to 

CO 

o 

o 

6 

CM 

34.12 

1 

O 

Ul 

O 

O 

O 

EQUIPMENT 

Cost 

X  CODE  B 

Unit 

Price 

CODE  A 

OTHER 

LABOR 

Cost 

0) 

CO 

CM 

00 

08 

99 

CM 

00 

39 

$388 

CM 

<0 

$39 

$489 

96$ 

$587 

CM 

(0 

44 

$619 

Unit 

Price 

o 

CM 

o 

CM 

20 

20 

20 

20 

1 

COST  ESTIMATE  ANALYSIS 

PROJECT  ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER 

LOCATION  FT.  SILL.  OKLAHOMA 

Total 

Hrs 

2.0 

4.2 

4.1 

3.3 

4,2 

2.0 

i 

MH/ 

Unit 

2.0 

4.2 

3.3 

CM 

q 

Quantity 

Unit 

Meas 

< 

Hi 

< 

Ul 

LS 

< 

Ul 

EA 

EA 

No.  Of 

Units 

CM 

i 

1 

_ 1 

16% 

10% 

o 

CM 

5.5% 

TOTAL  THIS  SHEET 

CHILLER  ECO  BLDG.  5678 

2-SPEED  COOLING  TOWER 

TASK  DESCRIPTION 

10  HP2-SPD  MOTOR 

2-SPD  MOTOR  STARTER 

MOTOR  FEEDER 

REMOVE  OLD  MOTOR 

REMOVE  OLD  STR 

PNEUMATIC  THERMOSTAT 

1 

i 

i 

1 

SUBTOTAL 

OVERHEAD.  BOND 

PROFIT 

COST  SUB-TOTAL 

CONTINGENCY 

SUBTOTAL 

S&A 
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DA  FORM  541 8-R.  APR  85 


LIFE  CYCLE  COST  ANALYSIS  SUMMARY  STUDY:  5678EC5A 

ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP)  LCCID  1.035 

INSTALLATION  &  LOCATION:  FT.  SILL,  OKLAHOMA  REGION  NOS.  6  CENSUS:  3 

PROJECT  NO.  &  TITLE:  3002-000  ENERGY  SURVEY  OF  ARMY  BOILER/CHILLERS 
FISCAL  YEAR  1991  DISCRETE  PORTION  NAME:  TWO  SPEED  COOLING  TOWER 
ANALYSIS  DATE:  04-11-91  ECONOMIC  LIFE  25  YEARS  PREPARED  BY:  KC 


1 .  INVESTMENT 

A.  CONSTRUCTION  COST 

B.  SIOH 

C.  DESIGN  COST 

D.  ENERGY  CREDIT  CALC  ( lA+lB+lC ) X. 9 

E.  SALVAGE  VALUE  COST 

F.  TOTAL  INVESTMENT  (ID- IE) 


$ 

$ 

$ 

$ 

-$ 

$ 


2.  ENERGY  SAVINGS  (+)  /  COST  (-) 

ANALYSIS  DATE  ANNUAL  SAVINGS,  UNIT  COST  &  DISCOUNTED  SAVINGS 


4072. 

224. 

245. 

4087. 

0. 

4087. 


UNIT  COST 

SAVINGS 

ANNUAL 

$ 

DISCOUNT 

DISCOUNTED 

FUEL 

t/MBTU(l) 

MBTU/YR(2) 

SAVINGS 

(3) 

FACTOR(4) 

SAVINGS { 5 ) 

A. 

ELECT 

$  4.01 

13. 

$ 

53. 

11.37 

603. 

B, 

DIST 

$  .00 

0. 

$ 

0. 

17.06 

0. 

C. 

RESID 

$  .00 

0. 

$ 

0. 

16.85 

0. 

D. 

NAT  G 

$  2.92 

0. 

$ 

0. 

17.52 

0. 

E. 

COAL 

$  .00 

0. 

$ 

0. 

13.34 

0. 

F. 

TOTAL 

13. 

$ 

53. 

$  603. 

NON 

ENERGY 

SAVINGS (+)  / 

COST(-) 

A. 

ANNUAL 

RECURRING  (+/ 

$  0. 

(1)  DISCOUNT  FACTOR 

(TABLE  A) 

11.65 

(2)  DISCOUNTED  SAVING/COST  ( 3A  X 

3A1) 

$  0. 

C.  TOTAL  NON  ENERGY  DISCOUNTED  SAVINGS (+)  /COST(-)  (3A2+3Bd4)  $  0. 


D.  PROJECT  NON  ENERGY  QUALIFICATION  TEST 

(1)  25%  MAX  NON  ENERGY  CALC  (2F5  X  .33)  $  199. 

A  IF  3D1  IS  =  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  =  (2F5+3D1)/1F)=  _ 

C  IF  3D1B  IS  =  >  1  GO  TO  ITEM  4 

D  IF  3D1B  IS  <  1  PROJECT  DOES  NOT  QUALIFY 

4.  FIRST  YEAR  DOLLAR  SAVINGS  2F3+3A+(3B1D/ (YEARS  ECONOMIC  LIFE))  $ 

5.  TOTAL  NET  DISCOUNTED  SAVINGS  (2F5+3C)  $ 

6.  DISCOUNTED  SAVINGS  RATIO  (SIR)=(5  /  1F)=  .15 

(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 

7.  SIMPLE  PAYBACK  PERIOD  (ESTIMATED)  SPB=lF/4  77.02 


53. 

603. 
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ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 
FT.  SILL.  OKLAHOMA 

CENTRAL  PLANT;  5678 

ENERGY  CONSERVATION  OPPORTUNITY:  ECO-  5(B) 

SYSTEM  MODIFICATION:  VARIABLE  SPEED  DRIVE  FOR  COOLING  TOWER 
SYSTEMS  TO  MODIFY:  COOLING  TOWER 


CALCULATION  DESCRIPTION; 

Two  spread  sheets  are  compared  to  determine  the  energy  savings  for 
ECO-5,  install  two-speed  (5A)  or  variable  speed  (5B)  motors  for  cooling  tower. 

The  spread  sheets  is  a  simulation  of  the  existing  structure,  equipment,  and 

systems,  and  how  they  are  presently  operated.  The  spread  sheets  is  also  a 

simulation  of  the  existing  building  with  modifications  implemented  in  the  systems,  equipment, 

or  the  operation.  The  difference  in  the  totals  from  the  spread  sheets  represents  the  savings. 


ANNUAL  UTILITY  SAVINGS 


PC  CUBE  RUN 

Electric 

Nat.  Gas 
(MMBtu) 

Total  Energy 
(MMBtu) 

Demand(kW) 

EnergyfkWh) 

Baseline 

— 

6,153 

— 

21 

ECO 

— 

1,432 

— 

5 

Savings  (Baseline-ECO) 

0 

4.721 

0 

16 

NOTE:  The  savings  for  this  ECO  did  not  consider  any  interreiated  savings  with  other 

ECOs  identified  as  economicaiiyfeasibie. 


ENERGY  COST  SAVINGS: 


Electricity: 

16  MMBtu/Yr 

X 

$4.0141  /MMBtu  = 

$65  per  year 

Nat.  Gas: 

0  MMBtu/Yr 

X 

$2.92 /MMBtu  = 

$0  per  year 

Total  Energy  Cost  Savings: 

$65 

+ 

$0 

$65  per  year 

NON-ENERGY  SAVINGS  (+),  COST  (-): 

Demand; 

0  kW/month 

X 

$1 .787  /kW  X 

12  months/year 

=  (+) 

$0 

per  year 

Maintenance:  =  (-) 

$289 

per  year 

Total: 

$0 

$289 

($289)  per  year 

[ECO-SHT.WK31 
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Two-speed  cooling  tower  and  variable  speed  cooling  tower  calculation  description: 


1.  The  design  conditions  were  taken  from  the  original  design  documents,  including  wet 
bulb  temperatures,  condenser  water  flow,  and  condenser  supply  and  return 
temperatures. 

2.  Based  on  an  assumed  liquid  to  gas  ratio,  the  delta  enthalpy  was  calculated  for  entering 
air  versus  leaving  air  conditions.  The  final  total  enthalpy  of  the  leaving  air  was 
calculated  based  on  the  design  entering  air  enthalpy  plus  the  delta  enthalpy. 

3.  The  fan  motor  kW  is  based  on  field  measurements. 

4.  The  "WET  BULB  AVERAGES"  are  the  wet  bulb  temperatures  calculated  for  4  hour  bins, 
for  each  cooling  month,  from  ASHRAE  weather  data  for  Oklahoma  City,  Oklahoma 
(part  1). 

5.  The  "ENTHALPY  FOR  AVERAGE  WET  BULBS"  are  the  enthalpy  for  each  of  the  wet- 
bulb  (part  1.),  determined  from  look-up  tables  (part  2). 

6.  The  "COOLING  PROFILE  OF  CENTRAL  PLANTS,"  is  the  average  %  load  estimated  for 
the  chiller  plant,  for  the  time  bins  (part  3).  Note  there  is  0%  load  for  those  hours  when 
the  chiller  is  assumed  to  be  off. 

The  "PEAK  LOAD"  per  month  is  the  estimated  peak  hourly  load  (part  3,  last  column). 

7.  The  "RATIO  OF  AVERAGE  MONTHLY  ENTHALPY  TO  DESIGN  ENTHALPY"  for  time 
bins  (part  4)  = 

(Total  exit  air  design  enthalpy  ntinus  average  monthly  enthalpy,  part  2)  /  (entering  air 
design  enthalpy) 

The  "DAYS  PER  MONTH  OPER."  is  the  total  days  per  month  the  cooling  tower 
operates  (part  4,  last  columm). 

8.  The  "%  DESIGN  LOAD"  on  tower  for  time  bins  (part  5)  = 

(%  load  on  plant,  part  3  *  monthly  peak  load,  part  3)  /  (  Highest  monthly  peak  load, 
part  3)  *  ( 1  /  ratio  of  monthly  enthalpy,  part  4) 

9.  For  a  single  speed  cooling  tower  fan  the  energy  usage  (kWh)  is  based  on  the  idea  that 
the  tower  fan  cycle  in  direct  proportion  to  the  %  design  load  on  the  tower,  (part  6)  = 

kWh  per  bin  =  (total  fan  power  kW)  *  (%  design  load,  part  5*4  hours  per  bin  *  days 
per  month) 

Total  kWh  =  sum  of  all  kWh  bins 
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10. 


For  a  two-speed  cooling  tower  fan  the  energy  usage  (kWh)  is  based  on  the  premise  that 
when  a  tower  cell  is  at  less  than  50%  of  its  design  load,  it  operates  at  half  speed.  A  fan 
running  at  half  speed  uses  14%  of  the  maximum  power  input  (part  7).  The  control 
sequence  is; 

•  0-50%  load,  fan  1,  half  speed  cycling. 

•  50-100%  load,  fan  1  full  speed  cycling. 

kWh  per  bin,  for  %  design  loads  less  than  50%  load  =  (fan  1  power  kW)  *  14%  * 
(%design  load  /  50)  *  4  hours  per  bin  *  days  per  month. 

kWh  per  bin,  for  %  design  loads  50%  to  1007o  load  =  ( fan  1  power  kW  *  ((%  design 
load)/  100)  *  4  hours  per  bin  *  days  per  month  ) 

kWh  total  =  sum  of  all  kWh  bins 


11.  For  a  variable  speed  cooling  tower  fan  the  energy  usage  (kWh)  is  based  on  the  premise 
that  the  tower  fan  percent  air  volume  is  directly  proportional  to  the  percent  load  on  the 
cooling  tower;  and  the  fan  energy  is  proportational  to  the  cube  of  the  air  volume.  The 
calculations  take  into  account  multi-cell  towers  (part  8): 

kWh  per  bin,  for  0  to  100%  load  =  (  total  fan  power  kW)  *  ((%  design  load)®  /  80% 
efficiency  )  *  4  hours  per  bin  *  days  per  month. 

kWh  total  =  sum  of  all  kWh  bins 
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CENTRAL  PLANT  5678 

DESIGN  CONDITIONS 

-  WBT  (DB.  DEG  F) 

77 

-  WATER  FLOW  (qpm) 

570 

-  CNWR  (DEG  F) 

95 

-  CNWS  (DEG  F) 

85 

ASSUMPfiON  OquId  TO  GAS  ratio'  ” 

2 

AiRfLpyy  (lbs/mini . . 

2365.5 

HEAT  REJECTION  CAPACITY  (Btu/m in) 

47310 

DELfA  ENTHALPY  (Btu/ib) 

20 

DESIGN  ENTHALPY  (Btu/lb) 

40.57 

TOTAL  ENTHALPY 

60;57 

EXIT  AIR  WB  (LOOK  UP)  _ 

93.2 

SPECIFIC  VOLUME  OF  EXIT  AIR  (LOOK  UP) 

15.1 

1 00%  DESIGN  CF'M  @  WB _ 

MOTOR  DATA  .  . " 

- - - 

-  FAN  1  POWER  (kW) 

5.4 

-  FAN  2  POWER  (kW) 

0 

-  FAN  3  POWER  (kW) 

0 

-  FAN  4  POWER  (kW) 

0 

ASHRAE  WEATHER  DATA  -  OKLAHOMA  CITY,  OKLAHOMA 


- — — 

WET- BULB  AVERAGES  ( 

4  hour  bins) 

DESIGN 

1-4 

5-8 

9-12 

13-16 

17-20 

21-24 

WB 

APRIL 

48.6 

47.8 

52.2 

55.6 

54.6 

51.4 

77 

MAY  ” 

. 57.1 ' 

56.6 

61.2 

63.9 

63 

59.4 

77 

JUNE” 

66.8 

66.6 

69.9 

7l1 

70.5 

68.2 

77 

'July . 

70.8 

‘  70.9 

74.5 

76^ 

”74.9 

72.6 

77 

AUGUST 

66.9 

67' 

71 

12 

. 1\., 

68.5”^ 

77 

SEPTEMBER 

”65.1 

64.9 

67.8 

'68;9' 

67.4 

65.6 

77 

OCTOBER 

. . ”51.2 

50.4 

55.1 

'””57.5 

”  5^2 

52.5" 

77 
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ENTHALPY  FOR  AVERAG 

E  WET- BULBS  1 

DESIGN 

1-4 

5-8 

9-12 

13-16 

17-20 

21-24 

ENTHALPY 

APRIL 

19.64 

19.11 

21.55 

23.58 

22.98 

21.09 

40.57 

MAY 

24.53 

24.21 

27.28 

29.23 

28.57 

26.06 

40.57 

JUNE 

31.47 

31.31 

34.01 

34.95 

34.51 

32.59 

40.57 

JULY 

34.77 

34.86 

38.14 

39.57 

38.52 

36.37 

40.57 

AUGUST 

31.54 

31.62 

34.95 

35.83 

34.95 

32.84 

40.57 

SEPTEMBER 

30.13 

29.98 

32.25 

33.09 

31.93 

30.52 

40.57 

OCTOBER 

20.98 

20.53 

23.28 

24.72 

23.34 

21 .72 

40.57 

PEAK 

COOLING  PROFILE  OF  C 

ENTRAL  PLANTS 

LOAD 

1-4 

5-8 

9-12 

13-16 

17-20 

21-24 

(Btuh) 

APRIL 

0 

0 

0 

0 

0 

0 

0 

MAY 

0.3 

0.3 

0.7 

0.7 

0.3 

0.3 

1739000 

JUNE 

0.3 

0.3 

0.7 

0.7 

0.3 

0.3 

2056000 

JULY 

. . 6.3 

0.3 

0.7 

0.7 

0.3 

0.3 

2056000 

AUGUST 

6.3 

0.3 

0,7 

0.7 

0.3 

0.3 

2056000 

SEPTEMBER 

0.3 

0.3 

0.7 

0.7 

0.3 

'  0.3 

2056000 

OCTOBER 

0 

0 

0 

0 

0 

6 

3  _  P 

RATIO  OF  MONTHLY  ENl 

FHALPY  TO  DESIGN  ENTHALPY 

DAYS  PER 

1-4 

5-8 

9-12 

13-16 

17-20 

21-24 

NflONTH  OPER. 

APRIL 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

30 

MAY 

1.8 

1.8 

1.7 

1.6 

1.6 

1.7 

31 

JUNE 

'l.5 

1.5 

1.3 

1.3 

1.3 

1.4 

30 

JULY 

1.3 

1.1 

1.1 

1.1 

1.2 

31 

AUGUST 

1.5 

1.4 

1.3 

1.2 

1.3 

1.4 

31 

SEPTEMBER 

1.5 

1.5 

1.4 

1.4 

1.4 

1.5 

30 

OCTOBER 

“o^ 

0.0 

0.0 

o.d 

0.0 

0.0 

31 
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%  DESIGN  LOAD 

DAYS  PER 

1-4 

5-8 

9-12 

13- 

16 

17-20 

21  -24  “ 

V10NTH  OPER. 

APRIL  1 

0.0 

0.0 

0.0 

0.0 

0.0 

0.6 

MAY 

14.1 

14.0 

35,6 

37.8 

15.9 

14.7 

31" 

JUNE 

20.6 

20.5 

52.7 

54.6 

23.0 

21.4 

30 

JULY . 

23.3 

23.3 

62.4 

66.7 

27.2 

24.8' 

31 

AUGUST 

20.7 

20.7! 

54.6 

56.6 

23.4 

21 .6 

3_ 

SEPTEMBER  ■ 

19. ’7 

19.6; 

49.4 

50.9 

20.9 

20.6 

30 

OCTOBER 

0.0 

0.0  i 

0.6 

0.0 

O^^O 

6.0 

31 

SINGLE  SPEED  CONTROL  (kWh) 

TOTAL 

1-4 

5-8 

9-12 

13-16 

17-20 

21-24 

(kWh) 

APRIL 

0 

0 

b 

0 

0 

0 

MAY 

94 

93 

238 

253 

106 

98 

JUNE 

134 

133 

342 

354 

149 

139 

JULY 

156 

156 

418 

446 

182 

166 

AUGUST 

138 

139 

366 

379 

157 

I45 

SEPTEMBER 

128 

127 

320 

336 

^136 

129 

OCTOBER 

0 

0 

0 

0 

0 

0 

TOTAL 

'  650 

648 

1684 

1763 

'  736 

678 

6153 

TWO  SPEED  CONTROL  ( 

kWh) 

TOTAL 

1-4 

5-8 

9-12 

13-16 

17-20 

21-24 

(kWh) 

APRIL 

6 

0 

0 

0 

6 

0 

MAY 

26 

26 

67 

71 

30 

28 

JUNE 

37 

37 

126 

151 

42 

39 

JULY 

1  44 

44 

260 

317 

51 

46 

AUGUST 

. 39 

39 

156 

182 

44 

41 

SEPTEMBER 

36 

36 

90 

103 

38 

36 

OCTOBER 

"o 

o' 

"  b 

0 

‘  '6 

0 

TOTAL 

’  162' 

. . 182 

698 

824 

264 

1901 

2280 
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VARIABLE  SPEED  COOLING  TOWER  CYCLING  (kWh) .  I 

TOTAL  ] 

1-4 

5-8 

9-12 

13-16 

17-20 

21-24 

(kWh| 

APRIL 

0 

0 

0 

'  0 

0 

0 

MAY 

_ 2_ 

2 

38 

45 

3 

3 

JUNE 

7 

7 

119 

132 

10 

8 

JULY 

11 

11 

204 

248 

17 

13 

AUGUST  ' 

7 

7 

137 

152 

11 

8 

SEPTEMBER 

6 

. . 6 

98 

107 

7 

'  6 

OCTOBER 

Q- 

0 

_  0 

0 

d 

0 

TOTAL 

34 

33 

594 

684 

48 

38 

rzrii432' 
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LIFE  CYCLE  COST  ANALYSIS  SUMMARY  STUDY:  5678EC5B 

ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP)  LCCID  1.035 

INSTALLATION  &  LOCATION:  FT.  SILL,  OKLAHOMA  REGION  NOS.  6  CENSUS:  3 

PROJECT  NO.  &  TITLE:  3002-000  ENERGY  SURVEY  OF  ARMY  BOILER/CHILLERS 
FISCAL  YEAR  1991  DISCRETE  PORTION  NAME:  TWO  SPEED  COOLING  TOWER 
ANALYSIS  DATE:  04-11-91  ECONOMIC  LIFE  25  YEARS  PREPARED  BY:  KC 

1 .  INVESTMENT 


A. 

CONSTRUCTION  COST 

$ 

4811. 

B. 

SIOH 

$ 

265. 

C. 

DESIGN 

COST 

$ 

289. 

D. 

ENERGY 

CREDIT  CALC  ( lA+lB+lC ) X. 9 

$ 

4829. 

E. 

SALVAGE 

VALUE  COST 

-$ 

0. 

F. 

TOTAL  INVESTMENT  (ID- 

•IE) 

$ 

4829. 

ENERGY  SAVINGS  (+)  /  COST  (-) 

ANALYSIS  DATE  ANNUAL  SAVINGS,  UNIT  COST  & 

DISCOUNTED  SAVINGS 

UNIT  COST 

SAVINGS 

ANNUAL  $ 

DISCOUNT 

DISCOUNTED 

FUEL 

$/MBTU(l) 

MBTU/YR(2) 

SAVINGS ( 3 ) 

FACTOR(4) 

SAVINGS ( 5 ) 

A. 

ELECT 

$  4.01 

16. 

$ 

65. 

11.37 

735. 

B. 

DIST 

$  .00 

0. 

$ 

0. 

17.06 

0. 

C. 

RESID 

$  .00 

0. 

$ 

0. 

16.85 

0. 

D. 

NAT  G 

$  2.92 

0. 

$ 

0. 

17.52 

0. 

E. 

COAL 

$  .00 

0. 

$ 

0. 

13.34 

0. 

F. 

TOTAL 

16. 

$ 

65. 

$ 

735. 

NON  ENERGY 

SAVINGS (+)  / 

COST ( “ ) 

A, 

ANNUAL 

RECURRING  (+/ 

$ 

-289. 

(1)  DISCOUNT  FACTOR 

(TABLE  A) 

11.65 

(2)  DISCOUNTED  SAVING/COST  (3A  X 

3A1) 

$ 

-3367. 

C. 

TOTAL  NON  ENERGY  DISCOUNTED  SAVINGS (+) 

/COST(-) 

(3A2+3Bd4) 

$ 

-3367. 

D. 

PROJECT  NON  ENERGY  QUALIFICATION 

TEST 

(1)  25%  MAX  NON  ENERGY  CALC  (2F5  X  .33)  $  243. 

A  IF  3D1  IS  =  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  =  (2F5+3D1)/1F)= 

C  IF  3D1B  IS  =  >  1  GO  TO  ITEM  4 

D  IF  3D1B  IS  <  1  PROJECT  DOES  NOT  QUALIFY 

4.  FIRST  YEAR  DOLLAR  SAVINGS  2F3+3A+(3B1D/ (YEARS  ECONOMIC  LIFE))  $  -224. 

5.  TOTAL  NET  DISCOUNTED  SAVINGS  (2F5+3C)  $  -2632. 

6.  DISCOUNTED  SAVINGS  RATIO  (SIR)=(5  /  1F)=  -.55 

(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 

7.  SIMPLE  PAYBACK  PERIOD  (ESTIMATED)  SPB=lF/4  -21.52 
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ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 
FT.  SILL,  OKLAHOMA 

CENTRAL  PLANT:  5678 

ENERGY  CONSERVATION  OPPORTUNITY:  ECO-  6 

SYSTEM  MODIFICATION:  HIGH  EFFICIENCY  MOTOR  REPLACEMENT 
SYSTEMS  TO  MODIFY:  PUMP  &  COOLING  TOWER  MOTORS 


CALCULATION  DESCRIPTION: 

Analysis  spread  sheet  was  prepared  to  determine  the  energy  savings  for 
ECO-6,  install  high  efficiency  motors. 

It  was  estimated  that  the  electrical  energy  can  be  saved  by  installing  high  efficiency 
motors  based  on  the  motor  operating  hours  per  year. 


ANNUAL  UTILITY  SAVINGS 


PC  CUBE  RUN 

E 

lectric 

Nat.  Gas 
(MMBtu) 

Total  Energy 
(MMBtu) 

Demand(kW) 

Enerqy(kWh) 

Baseline 

— 

— 

— 

0 

ECO 

— 

— 

— 

0 

Savings  (Baseline -ECO) 

3 

14.412 

0 

49 

NOTE:  The  savings  for  this  ECO  did  not  consider  any  interrelated  savings  with  other 

ECOs  identified  as  economically  feasible. 


ENERGY  COST  SAVINGS: 


Electricity:  49  MMBtu/Yr  X 

Nat.  Gas:  0  MMBtu/Yr  X 

Total  Energy  Cost  Savings:  $197  + 

NON -ENERGY  SAVINGS  (+),  COST  (-): 

Demand:  3  kW/month  X 


$4.0141  /MMBtu  = 
$2.92/MMBtu  = 

$0 


$1.787/kW  X 


=  (+) 

$64 

per  year 

Maintenance: 

=  (-) 

$0 

per  year 

Total: 

$64 

— 

$0 

$197  per  year 
$0  per  year 
$197  per  year 

12  months/year 


$64  per  year 


[ECO-SHT.WK3] 
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HIGH  EFFICIENCY 
MOTOR  REPLACEMENT 


LABOR  RATE: 

19.6  $/hr 

ELECTRIC  CONS. 

0.0137  $/kWH 

ELECTRIC  DEMAND 

1.787  $/kW 

BLDG. 

NO. 

EQUIPMENT 

SERVE 

MOTOR 

HP 

MOTOR 

FLA 

MEAS 

AMPS 

MEAS 

PF 

MEAS 

VOLT 

EXST 

EFF 

NEW 

EFF 

KW 

SVGS 

HRS/ 

YEAR 

KWH/YR 

SVGS 

SVGS/ 

YEAR 

730 

CWP-1 

150.0 

179.0 

147.0 

0.87 

460 

90.19% 

95.00% 

5.73 

2641 

15120 

$330 

CWP-‘2 

150.0 

179.0 

148.0 

0.91 

460 

86.22% 

95.00% 

11.50 

1873 

21539 

$542 

CNWP-1 

50.0 

118.0 

107.0 

0.98 

230 

80,97% 

93.00% 

6.67 

2641 

17629 

$385 

CNWP-2 

50.0 

118.0 

107.0 

0.99 

230 

80.15% 

93.00% 

7.27 

468 

3405 

$203 

CNWP-3 

Nl 

NI 

Nt 

CTM-1 

30.0 

71.4 

70.7 

0.93 

230 

84.60% 

92.40% 

2.61 

702 

1834 

$81 

CTM-2 

30.0 

71,4 

71.0 

0.87 

230 

90.44% 

92,40% 

0.58 

702 

405 

$18 

HWP-1 

50.0 

125.0 

117.5 

0,87 

230 

86.10% 

93.00% 

3.51 

3624 

12722 

$250 

HWP-2 

50.0 

125.0 

118.0 

0.87 

230 

86.10% 

93.00% 

3.53 

3624 

12776 

$251 

DEMAND  CREDIT 

$888 

MMBtu 

292 

TOTAL 

41 

85430 

$2,058 

914 

CWP-1 

40.0 

48.0 

41.3 

0.87 

460 

89.69% 

93.00% 

1.14 

3672 

4178 

$82 

CNWP-1 

15.0 

19.0 

14.4 

0.82 

460 

90.15% 

90.20% 

0.01 

3672 

23 

$0 

CTM-1 

10.0 

15.0 

12.0 

0.82 

460 

76.12% 

89.50% 

1.54 

416 

640 

$42 

CTM-2 

10.0 

15.0 

12.0 

0.82 

460 

76.12% 

89.50% 

1.54 

416 

640 

$42 

HWP-1 

2.0 

6.2 

5.4 

0.87 

230 

69.43% 

84.00% 

0.47 

3624 

1694 

$33 

HWP-2 

2.0 

6.2 

5.6 

0.87 

230 

69.43% 

84.00% 

0.48 

3624 

1757 

$34 

DEMAND  CREDIT 

$111 

MMBtu 

30 

TOTAL 

5 

8932 

$233 

2812 

CWP-1 

20.0 

27.0 

23.0 

0.77 

460 

90.07% 

91 .00% 

0.16 

3672 

586 

$11 

CNWP-1 

25.0 

31.5 

26.5 

0.82 

460 

91.18% 

91.70% 

0.11 

3672 

394 

$8 

CTM-1 

15.0 

18.6 

18.6 

0.87 

460 

86.79% 

90.20% 

0.56 

1167 

655 

$21 

HWP-1 

7.5 

21.6 

18.5 

0.87 

230 

74.74% 

88.50% 

1.33 

5163 

6888 

$123 

HWP-2 

7.5 

21.6 

19.0 

0.87 

230 

74.74% 

88.50% 

1.37 

3672 

5031 

$98 

DEMAND  CREDIT 

$76 

MMBtu 

46 

TOTAL 

4 

13554 

$261 

3442 

CWP-1 

60.0 

73.0 

63.0 

0,84 

460 

91.62% 

94.50% 

1.40 

3672 

5158 

$101 

CWP-2 

60.0 

73.0 

63.4 

0.84 

460 

91.62% 

94.50% 

1.41 

3672 

5191 

$101 

CNWP-1 

40.0 

52.0 

41.0 

0.78 

460 

92.34% 

93.00% 

0.20 

3672 

721 

$14 

CNWP-2 

40.0 

52.0 

35.8 

0.78 

460 

92.34% 

93.00% 

0.17 

3672 

629 

$12 

CTM-1 

15.0 

18.3 

14.6 

0.87 

460 

88.21% 

90.20% 

0.25 

1169 

295 

$9 

CTM-2 

15.0 

18.3 

14.6 

0.87 

460 

88.21% 

90.20% 

0.25 

1169 

295 

$9 

CTM-3 

15,0 

18.3 

14.6 

0.87 

460 

88.21% 

90.20% 

0.25 

1169 

295 

$9 

CTM-4 

15.0 

18.3 

14.6 

0.87 

460 

88.21% 

90.20% 

0.25 

1169 

295 

$9 

DEMAND  CREDIT 

$90 

MMBtu 

44 

TOTAL 

4 

12880 

$266 

4701 

CWP-1 

50.0 

60.7 

51  i 

0.87 

440 

92.68% 

93.00% 

0.13 

1873 

235 

$6 

CWP-2 

50.0 

60.7 

51 

0.87 

440 

92.68% 

93.00% 

0.13 

1873 

235 

$6 

CNWP-1 

30.0 

38 

33 

0,87 

440 

88.83% 

92.40% 

0.95 

1873 

1784 

$45 

CNWP-2 

30.0 

38 

33 

0.87 

440 

88.83% 

92.40% 

0.95 

1873 

1784 

$45 

CTM-1 

20.0 

24.6 

18.2 

0.87 

460 

87.50% 

91.00% 

0.55 

650 

361 

$17 

CTM-2 

15.0 

19.2 

16,5 

0.87 

440 

87.90% 

90.20% 

0.32 

650 

206 

$10 

1  DEMAND  CREDIT 

$65 

MMBtu 

16 

TOTAL 

3 

4605 

$128 

5676 

HCP-1 

10.0 

13.5 

13 

0.87 

460 

79.72% 

89.50% 

1.24 

7296 

9012 

$150 

HCP-2 

10.0 

13.5 

13 

0.87 

460 

79.72% 

89.50% 

1.24 

7296 

9012 

$150 

CNWP-1 

7.5 

11 

10 

0,87 

460 

73.38% 

88.50% 

1.61 

3672 

5927 

$116 

CTM-1 

7.5 

10.5 

9 

0.79 

460 

84.66% 

88.50% 

0.29 

1160 

337 

$11 

1  DEMAND  CREDIT 

$94 

MMBtu 

83 

TOTAL 

4 

24287 

$427 

5678 

HCP-1 

2.0 

6.5 

5.9 

0.83 

2Q8 

76.76% 

84.00% 

0.20 

7296 

1445 

$24 

HCP-2 

2.0 

6.5 

5.7 

0.83 

208 

76.76% 

84.00% 

0.19 

7296 

1396 

$23 

HCP-3 

1.5 

4.8 

4.5 

0.83 

230 

70.51% 

84.00% 

0.34 

7296 

2474 

$41 

HCP-4 

2.0 

6.3 

5.8 

0.83 

230 

71.62% 

84.00% 

0.39 

7296 

2878 

$48 

CNWP-1 

7.5 

11 

10 

0.87 

460 

73.38% 

88.50% 

1.61 

3672 

5927 

$116 

CTM-1 

7.5 

11 

9.6 

0.75 

460 

85.12% 

88.50% 

0.26 

1139 

293 

$10 

DEMAND  CREDIT 

$64 

49 

TOTAL 

3 

14412 

$262 
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COST  ESTIMATE  ANALYSIS  INVITATION  NO./CONTRACT  NO. 
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LIFE  CYCLE  COST  ANALYSIS  SUMM7VRY  STUDY:  5678EC6 

ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP)  LCCID  1.035 

INSTALLATION  &  LOCATION:  FT.  SILL,  OKLAHOMA  REGION  NOS.  6  CENSUS:  3 

PROJECT  NO.  &  TITLE:  3002-000  ENERGY  SURVEY  OF  ARMY  BOILER/CHILLERS 
FISCAL  YEAR  1991  DISCRETE  PORTION  NAME:  HIGH  EFF.  MOTOR 
ANALYSIS  DATE:  04-10-91  ECONOMIC  LIFE  25  YEARS  PREPARED  BY:  KC 

1 .  INVESTMENT 

A.  CONSTRUCTION  COST 

B.  SIOH 

C.  DESIGN  COST 

D.  ENERGY  CREDIT  CALC  ( 1A+1B+1C)X.9 

E.  SALVAGE  VALUE  COST 

F.  TOTAL  INVESTMENT  (ID-IE) 

2.  ENERGY  SAVINGS  (+)  /  COST  (-) 

ANALYSIS  DATE  ANNUAL  SAVINGS,  UNIT  COST  &  DISCOUNTED  SAVINGS 


UNIT  COST 

SAVINGS 

ANNUAL  $ 

DISCOUNT 

DISCOUNTED 

FUEL 

$/MBTU ( 1 ) 

MBTU/YR(2) 

SAVINGS ( 3 ) 

FACTOR(4) 

SAVINGS ( 5 ) 

A* 

ELECT 

$  4.01 

49. 

$ 

197. 

11.37 

2245. 

B. 

DIST 

$  .00 

0. 

$ 

0. 

17.06 

0. 

C. 

RESID 

$  .00 

0. 

$ 

0. 

16.85 

0. 

D. 

NAT  G 

$  2.92 

0. 

$ 

0. 

17.52 

0. 

E. 

COAL 

$  .00 

0. 

$ 

0. 

13.34 

0. 

F. 

TOTAL 

49. 

$ 

197. 

$  2245. 

NON 

ENERGY 

SAVINGS (+)  / 

COST(“) 

A. 

ANNUAL 

RECURRING  (+/ 

-) 

$  64. 

(1)  DISCOUNT  FACTOR 

(TABLE  A) 

11.65 

(2)  DISCOUNTED  SAVING/COST  (3A  X 

3A1) 

$  746. 

C.  TOTAL  NON  ENERGY  DISCOUNTED  SAVINGS (+)  /COST(-)  (3A2+3Bd4)  $  746. 


D.  PROJECT  NON  ENERGY  QUALIFICATION  TEST 

(1)  25%  MAX  NON  ENERGY  CALC  (2F5  X  .33)  $ 

A  IF  3D1  IS  =  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  =  (2F5+3D1)/1F) 

C  IF  3D1B  IS  =  >  1  GO  TO  ITEM  4 

D  IF  3D1B  IS  <  1  PROJECT  DOES  NOT  QUALIFY 

4.  FIRST  YEAR  DOLLAR  SAVINGS  2F3+3A+ ( 3B1D/ (YEARS  ECONOMIC  LIFE))  $  261. 

5.  TOTAL  NET  DISCOUNTED  SAVINGS  (2F5+3C)  $  2991. 

6.  DISCOUNTED  SAVINGS  RATIO  (SIR)=(5  /  1F)=  .65 

(IF  <  1  PROJECT  DOBS  NOT  QUALIFY) 

****  Project  does  not  qualify  for  ECIP  funding;  4,5,6  for  information  only. 

7.  SIMPLE  PAYBACK  PERIOD  (ESTIMATED)  SPB=lF/4  17.54 


741. 

.65 


$  4570. 

$  252. 

$  275. 

$  4587. 

-$  0. 

$  4587. 
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ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 
FT.  SILL,  OKLAHOMA 

CENTRAL  PLANT:  5678 

ENERGY  CONSERVATION  OPPORTUNITY:  ECO-  7 

SYSTEM  MODIFICATION:  INSTALL  INSTRUMENTATION  TO  DETERMINE  LOAD 
SYSTEMS  TO  MODIFY: 


CALCULATION  DESCRIPTION: 

Analysis  spread  sheet  was  prepared  to  determine  the  energy  savings  for 
ECO-7,  install  instrumentation  to  facilitate  efficient  operation  of  boiler  plant. 

It  was  estimated  that  the  energy  wasted  from  boiler  in  standby  is  1  %  of  the  rated 

output  capacity.  The  hours  when  boilers  are  running  unnecessary  were  estimated  for  each  boiler. 


ANNUAL  UTILITY  SAVINGS 


PC  CUBE  RUN 

Electric 

Nat.  Gas 
(MMBtu) 

Total  Energy 
(MMBtu) 

Demand(kW) 

Energy  (kWh) 

Baseline 

— 

— 

— 

0 

ECO 

— 

— 

— 

0 

Savinas  (Baseline -ECO) 

0 

0 

11 

11 

NOTE:  The  savings  for  this  ECO  did  not  consider  any  interrelated  savings  with  other 

ECOs  identified  as  economically  feasible. 


ENERGY  COST  SAVINGS: 

Electricity:  0  MMBtu/Yr  X  $4.0141 /MMBtu  =  $0  per  year 


Nat.  Gas: 

11  MMBtu/Yr  X 

$2.92 /MMBtu  = 

$32  per  year 

Total  Energy  Cost  Savings: 

$0  + 

$32 

$32  per  year 

NON -ENERGY  SAVINGS  (+),  COST  (-): 

Demand: 

0  kW/month  X 

$1.787/kW  X 

12  months/year 

=  (+) 

$0  per  year 

Maintenance:  =  (-) 

$320  per  year 

Total: 

$0 

$320 

($320)  per  year 

[ECO-SHT.WK3] 


BOILER  STANDBY  SAVINGS 


ECO-7  INSTRUMENTATION  FOR  BOILER  PLANT 
(TYPICAL) 


BTU  METER  F  1 
(NEW)  1  \ 


1 - 1  DISPLAY:  (NEW) 

I  f-*-  -  TEMP’S  & 

-  BTUH  HEATING 

^rr  V 
/  \  \ 

I  1  ^ 

+  T  N 

'  '  \ 


(NEW)  ^ 


(NEW) 


TO  BLDGs. 


HWP-1 


FROM  BLDGs. 


[□  FLOW  METER 

\j]  temperature  sensors 


[B-ECO-7.DWG1 
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DATE  PREPARED 

04-Apr-'91 

SHT  OF 

-i 

lii 

O 

>- 

CQ 

Q 

111 

O 

UJ 

X 

O 

SHIPPING 

Total 

Wt 

1 

1 

1 

1 

1 

Unit 

Wt 

EFFECTIVE  PRICING 

DATE  APR.  91 

DRAWING  NO. 

1  ESTIMATOR  KC 

1  TOTAL 

$504 

$504 

<0 

o> 

iA 

$938 

$120 

CM 

CO 

<d 

o> 

$3,523 

$564 

$352 

$4,439 

00 

00 

CO 

$5,327 

$293 

$5,620 

MATERIAL 

Cost 

328.00 

o 

o 

00 

CM 

CO 

764.00 

o 

o 

d 

CM 

CO 

120.00 

316 

<0 

(O 

CM 

iA 

$428 

00 

<0 

CM 

$3,372  1 

$674 

(0 

q 

4a 

$223 

$4,269 

INVITATION  NO./CONTRACT  NO. 

DACA  59-90-C-0087 

Unit 

Price 

o 

o 

CO 

CM 

CO 

328.00 

764.00 

o 

o 

d 

CM 

CO 

00  09 

00 

u> 

CODE  C 

EQUIPMENT 

Cost 

X  1  CODE  b| 

Unit 

Price 

CODE  A 

OTHER 

Cost 

(O 

CD 

1^ 

o> 

CO 

180 

$847 

CD 

CO 

$85 

$1,067 

$1,281 

$70  I 

$1,351 

j 

LABOR 

Unit 

Price 

176 

176 

197 

o 

CM 

19.6 

COST  ESTIMATE  ANALYSIS 

1  PROJECT  ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER 

LOCATION  FT.  SILL.  OKLAHOMA 

Total 

Hrs 

6.0 

CM 

0> 

MH/ 

Unit 

0*9 

4.6 

Quantity 

Unit 

Meas 

EA 

EA 

EA 

EA 

EA 

EA 

TOTAL  THIS  SHEET  1 

No.  Of 

Units 

CM 

CM 

16% 

10% 

o 

CM 

5.5%  I 

BOILER  ECO  BLDG.  5678 

INSTRUMENTATION 

TASK  DESCRIPTION 

INSTRUMENTATION  FOR  2  HW  BOILERS 

1  HWS  TEMPERATURE  SENSOR 

1  HWR  TEMPERATURE  SENSOR 

INSERT.  FLOW  METER 

1  BTU  METER 

i  LED  DISPLAY 

1  LED  INSTALLATION 

SUBTOTAL 

I  OVERHEAD.  BOND 

PROFIT 

COST  SUB-TOTAL 

CONTINGENCY  I 

SUBTOTAL 

S&A  I 

D-5678-29 


DA  FORM  541  a-R,  APR  85 


LIFE  CYCLE  COST  ANALYSIS  SUMMARY  STUDY:  B5678E12 

ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP)  LCCID  1.035 

INSTALLATION  &  LOCATION:  FT.  SILL,  OKLAHOMA  REGION  NOS.  6  CENSUS:  3 

PROJECT  NO.  &  TITLE:  3002-000  ENERGY  SURVEY  OF  ARMY  BOILER/CHILLERS 
FISCAL  YEAR  1991  DISCRETE  PORTION  NAME:  BOILER  INSTRUMENTATION 
ANALYSIS  DATE:  04-12-91  ECONOMIC  LIFE  15  YEARS  PREPARED  BY:  KC 

1.  INVESTMENT 


A. 

CONSTRUCTION  COST 

$ 

5327. 

B, 

SIOH 

$ 

293. 

C. 

DESIGN 

COST 

$ 

320. 

D. 

ENERGY 

CREDIT  CALC  ( 

(1A+1B+1C)X. 

9 

$ 

5346. 

E. 

SALVAGE 

VALUE  COST 

-$ 

0. 

F. 

TOTAL  INVESTMENT  (ID-IE) 

$ 

5346. 

ENERGY  SAVINGS  (+)  /  COST  (-) 

ANALYSIS  DATE  ANNUAL  SAVINGS,  UNIT 

COST  & 

DISCOUNTED  SAVINGS 

UNIT  COST 

SAVINGS 

ANNUAL  $ 

DISCOUNT 

DISCOUNTED 

FUEL 

$/MBTU(l) 

MBTU/YR(2) 

SAVINGS ( 3 ) 

FACTOR(4) 

SAVINGS ( 5 ) 

A, 

ELECT 

$  4.01 

0. 

$ 

0. 

8.78 

0. 

B. 

DIST 

$  .00 

0. 

$ 

0. 

12.34 

0. 

C. 

RESID 

$  .00 

0. 

$ 

0. 

12.05 

0. 

D. 

NAT  G 

$  2.92 

11. 

$ 

32. 

12.48 

393. 

E. 

COAL 

$  .00 

0. 

$ 

0. 

10.01 

0. 

F. 

TOTAL 

11. 

$ 

32. 

$ 

393. 

NON  ENERGY 

SAVINGS (+)  /  COST(-) 

A, 

ANNUAL 

RECURRING  (+/-) 

$ 

“320. 

(1)  DISCOUNT  FACTOR  (TABLE  A) 

9.11 

(2)  DISCOUNTED  SAVING/COST  ( 3A 

X  3A1) 

$ 

-2915. 

C. 

TOTAL  NON  ENERGY  DISCOUNTED  SAVINGS (+) 

/COST(-) 

(3A2+3Bd4) 

$ 

-2915. 

D.  PROJECT  NON  ENERGY  QUALIFICATION  TEST 

(1)  25%  MAX  NON  ENERGY  CALC  (2F5  X  .33)  $  130. 

A  IF  3D1  IS  =  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  =  (2F5+3D1)/1F)=  _ 

C  IF  3D1B  IS  =  >  1  GO  TO  ITEM  4 

D  IF  3D1B  IS  <  1  PROJECT  DOES  NOT  QUALIFY 

4.  FIRST  YEAR  DOLLAR  SAVINGS  2F3+3A+(3B1D/ (YEARS  ECONOMIC  LIFE))  $  -288. 

5.  TOTAL  NET  DISCOUNTED  SAVINGS  (2F5+3C)  $  -2522. 

6.  DISCOUNTED  SAVINGS  RATIO  (SIR)=(5  /  1F)=  -.47 

(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 

7.  SIMPLE  PAYBACK  PERIOD  (ESTIMATED)  SPB=lF/4  -18.53 


D-5678-30 


ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 
FT.  SILL.  OKLAHOMA 

CENTRAL  PLANT:  5678 

ENERGY  CONSERVATION  OPPORTUNITY:  ECO-  8 

SYSTEM  MODIFICATION:  BOILER  OPTIMIZATION,  CONTROL  &  INSTRUMENTATION 

SYSTEMS  TO  MODIFY:  BOILER  1  AND  2 


CALCULATION  DESCRIPTION: 

Two  PC-CUBE  program  computer  runs  are  compared  to  determine  the  energy  savings  for 
ECO-8,  install  instrumentation  connected  to  EMCS  for  boiler  optimization. 

The  first  computer  run  (Baseline)  is  a  simulation  of  the  existing  structure,  equipment,  and 
systems,  and  how  they  are  presently  operated.  The  second  computer  run  (ECO)  is  also  a 
simulation  of  the  existing  building  with  modifications  implemented  in  the  systems,  equipment, 
or  the  operation.  The  difference  in  the  totals  from  the  two  computer  runs  represents  the  savings. 


ANNUAL  UTILITY  SAVINGS 


PC  CUBE  RUN 

Electric 

Nat.  Gas 
(MMBtu) 

Total  Energy 
(MMBtu) 

Demand(kW) 

Energy  (kWh) 

Baseline 

— 

— 

16,330 

16,330 

ECO 

— 

— 

16,058 

16,058 

Savinas  (Baseline -ECO) 

0 

0 

272 

272 

NOTE;  The  savings  for  this  ECO  did  not  consider  any  interrelated  savings  with  other 
ECOs  identified  as  economically  feasible. 


ENERGY  COST  SAVINGS: 


Electricity: 

0  MMBtuA'r  X 

$4.0141  /MMBtu  = 

$0  per  year 

Nat.  Gas: 

272  MMBtu/Yr  X 

$2.92 /MMBtu  = 

$794  per  year 

Total  Energy  Cost  Savings: 

$0  + 

$794 

$794  per  year 

NON-ENERGY  SAVINGS  (+),  COST  (-): 

Demand: 

0  kW/month  X 

$1.787/kW  X 

12  months/year 

=  (+) 

$0  per  year 

Maintenance:  =  (-) 

$1 ,632  per  year 

Total: 

$0 

$1,632 

($1,632)  per  year 

[ECO-SHT.WK31 
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PC-CUBE  VERSION  2.0.3 
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CENTRAL  PLANT  5678  BASELINE 

SYSTEM  Cl  NORMAL  HEATING  AND  COOLING 

FUEL  AND  POWER  CONSUMPTION 

TOTAL  GAS  CONSUMP, ,  1000  CU  FT 
PEAK  DAY  GAS  CONSUMP.,  1000  CU  FT 

ELECTRICAL  CONSUMPTION,  KWH 
PEAK  KW  DEMAND  (15  MIN  BASIS) 

PURCHASED  ELECTRIC  POWER 
ON-PEAK  CONSUMPTION  KWH 
ON-PEAK  KW  DEMAND  (15  MIN  BASIS) 

MID-PEAK  CONSUMPTION  KWH 
MID-PEAK  KW  DEMAND  (15  MIN  BASIS) 
OFF-PEAK  CONSUMPTION  KWH 
OFF-PEAK  KW  DEMAND  (15  MIN  BASIS) 
GENERATED  ELECTRICAL  POWER  KWH 
SOLD  ELECTRICAL  POWER  KWH 

AUXILIARY  FUEL  CONSUMPTION 

DIR.  PROC.  GAS  CONSUMP.,  1000  CF 
CHILLER  OPERATING  IK)URS 
CHILLER  1 

BOILER  OPERATING  HOURS 
BOILER  1 
BOILER  2 

RECOVERABLE  HEAT  USED,  MBTU 
RECOVERABLE  HEAT  UNUSED,  MBTU 


**  TOTAL  ** 


SYSTEM  Cl 

16330. 

136. 

233241. 

106. 

233241. 

106. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

3672 

3624 

2808 

0. 

0. 


D-5678-32 


PC-CUBE  VERSION  2.0,3 

CENTRAL  PLANT  5678  BOILER  ECO- 2 

SYSTEM  Cl  NORMAL  HEATING  AND  COOLING 


FUEL  AND  POWER  CONSUMPTION  SYSTEM  Cl 

TOTAL  GAS  CONSUME.,  1000  CU  FT  16057, 

PEAK  DAY  GAS  CONSUME.,  1000  CU  FT  136. 

ELECTRICAL  CONSUMPTION,  KWH  233241. 

PEAK  KW  DEMAND  (15  MIN  BASIS)  106, 

PURCHASED  ELECTRIC  POWER 

ON-PEAK  CONSUMPTION  KWH  233241. 

ON-PEAK  KW  DEMAND  (15  MIN  BASIS)  106. 

MID-PEAK  CONSUMPTION  KWH  0. 

MID-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

OFF-PEAK  CONSUMPTION  KWH  0. 

OFF-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

GENERATED  ELECTRICAL  POWER  KWH  0. 

SOLD  ELECTRICAL  POWER  KWH  0. 

AUXILIARY  FUEL  CONSUMPTION  0, 

DIR.  PROC.  GAS  CONSUME.,  1000  CF  0. 

CHILLER  OPERATING  HOURS 

CHILLER  1  3672 

BOILER  OPERATING  HOURS 

BOILER  1  3624 

BOILER  2  2767 

RECOVERABLE  HEAT  USED,  MBTU  0, 

RECOVERABLE  HEAT  UNUSED,  MBTU  0. 
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**  TOTAL  ** 


D-5678-33 


Points  included  on  proposed  EMCS- design,  existing. 
All  other  points  are  new. 
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DATE  PREPARED 

12~Apr-91 

SHT  OF 

CHECKED  BY  CEL 

CEL 

G 

Total 

Wt 

i 

CHECKED  BY 

SHIPPIN 

Unit 

% 

il 

EFFECTIVE  PRICING 

DATE  APR,  91 

DRAWING  NO. 

KC 

KC 

TOTAL 

$1 .008 

$1,008 

$1,061 

$1 .440 

$265 

$7,570 

$270 

$270 

$569 

$7,642 

$570 

($3,889) 

$17,991 

$2,879 

$1 .799 

$22,669 

$4,534 

$27,203 

CO 

a> 

O) 

CO 

cd 

CM 

ESTIMATOR 

ESTIMATOR  i 

-i 

< 

Cost 

$656 

$656 

$904 

o 

CM 

CO 

$226 

$3,681 

o 

o 

in 

ce 

$6,966 

$413 

($3,681) 

CM 

CM 

CD 

CM 

CO 

CM 

CM 

CO 

$18,676 

$3,735 

cm" 

CM 

$1,233 

1  $23,643 

ui 

1— 

<  .« 
5  5 

Price 

CO 

CM 

CO 

4A 

$328 

$226 

$205 

$226 

$3,681 

500 

$3,483 

$207 

O 

UJ 

Q 

O 

O 

ENT 

Cost 

NVITATION  NO./CONTRACT  NC 

DACA  59  - 90 -C -0087 

X  CODE  _ I 

OTHER 

EQUIPMI 

Unit 

Price 

< 

UJ 

Q 

O 

O 

Cost  1 

$352  1 

$352 

$157 

$620 

o> 

CO 

$208 

$270 

270 

$69 

CD 

CD 

$157 

($208) 

I - 

1  $3,169 

1  $507 

$317 

I  $3,993 

1  $799 

$4,792 

CD 

CM 

ce 

$5,056 

1 

i 

i 

'E 

cc 

Price  1 

176 

176 

CO 

155 

o 

CM 

CO 

u> 

U) 

o 

CM 

CO 

CO 

CO 

o 

CM 

P 

COST  ESTIMATE  ANALYSIS 

PROJECT  ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER 

LOCATION  FT.  SILL.  OKLAHOMA 

LAB< 

Total 

Hrs  1 

2.0 

0  9 

(0 

3.5 

o 

CO 

X 

'S. 

Unit  1 

2.0 

o 

CD 

CO 

3.5 

4.0 

tity 

Unit 

Meas 

< 

UJ 

EA 

f3 

3 

EA 

53 

EA 

< 

UJ 

EA 

53 

EA 

lO 

CO 

i 

1 

:  s 

f  u. 

J  2 

Quai 

No.  Of 

Units 

CM 

CM 

CM 

CM 

16.0% 

o 

d 

o 

d 

CM 

5.5% 

BOILER  ECO  BLDG.  5678 

OPTIMIZE  BOILER  SEQUENCE 

TASK  DESCRIPTION 

INSTRUMENTATION  FOR  2  HW  BOILERS 

HWS  TEMPERATURE  SENSOR 

1  HWR  TEMPERATURE  SENSOR  1 

1  HWP  ST/SP  1 

CO 

3 

H 

§ 

0- 

S 

D 

Q. 

O 

o 

S 

a. 

G 

1  BOILER  ST/SP 

FID  PANEL  &  ACCESSORIES  * 

FID  SOFTWARE  COMMISSIONING 

FID  TESTING 

1  INST.  FLOW  METER 

STACK  02  SENSOR 

1  STACK  TEMP.  SENSOR 

i 

CREDIT  FROM  EMCS  PROJECT  * 

I 

i 

! 

SUBTOTAL 

a 

z 

o 

a 

a 

< 

U1 

X 

QC 

Ui 

> 

0 

PROFIT 

COST  SUB-TOTAL 

1  CONTINGENCY 

SUBTOTAL 

< 

oB 

Cfl 

H 

UJ 

W 

2 

Cfl 

1 

C 

h 
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SHEET 


LIFE  CYCLE  COST  ANALYSIS  SUMMARY  STUDY:  B5678E12 

ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP)  LCCID  1.035 

INSTALLATION  &  LOCATION:  FT.  SILL,  OKLAHOMA  REGION  NOS.  6  CENSUS:  3 
PROJECT  NO.  &  TITLE:  3002-000  ENERGY  SURVEY  OF  ARMY  BOILER/ CHILLERS 
FISCAL  /EAR  1991  DISCRETE  PORTION  NAME:  BOILER  OPTIMIZATION 
ANALYSIS  DATE:  04-12-91  ECONOMIC  LIFE  15  YEARS  PREPARED  BY:  KC 

1 .  INVESTMENT 


A.  CONSTRUCTION  COST 

$ 

27203. 

B.  SIOH 

$ 

1497. 

C.  DESIGN 

COST 

$ 

1633. 

D.  ENERGY 

CREDIT  CALC 

(1A+1B+1C)X.9 

$ 

27300. 

E.  SALVAGE 

VALUE  COST 

-$ 

0. 

F.  TOTAL  INVESTMENT  (ID-IE) 

$ 

27300. 

ENERGY  SAVINGS  (+)  / 

COST  (-) 

ANALYSIS  DATE  ANNUAL 

SAVINGS,  UNIT 

COST  & 

DISCOUNTED  SAVINGS 

UNIT  COST  SAVINGS 

ANNUAL  $ 

DISCOUNT 

DISCOUNTED 

FUEL 

$/MBTU(l) 

'  MBTU/YR(2) 

SAVINGS ( 3 ) 

FACTOR(4) 

SAVINGS (5) 

A.  ELECT 

$  4.01 

0. 

$ 

0. 

8.78 

0. 

B.  DIST 

$  .00 

0. 

$ 

0. 

12.34 

0. 

C,  RESID 

$  .00 

0. 

$ 

0. 

12.05 

0. 

D .  NAT  G 

$  2.92 

272. 

$ 

794. 

12.48 

9912. 

E.  COAL 

$  .00 

0. 

$ 

0. 

10.01 

0. 

F,  TOTAL 

272. 

$ 

794. 

$ 

9912. 

NON  ENERGY 

SAVINGS ( + ) 

/  COST(-) 

A.  ANNUAL 

RECURRING 

(+/-) 

$ 

-1632. 

(1)  DISCOUNT  FACTOR  (TABLE  A) 

9.11 

(2)  DISCOUNTED  SAVING/COST  (3A 

X  3A1) 

$ 

-14868. 

C.  TOTAL  NON  ENERGY  DISCOUNTED  SAVINGS (+) 

/COST(-) 

(3A2+3Bd4) 

$ 

-14868. 

D.  PROJECT  NON  ENERGY  QUALIFICATION  TEST 

(1)  25%  MAX  NON  ENERGY  CALC  (2F5  X  .33)  $  3271. 

A  IF  3D1  IS  =  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  =  (2F5+3D1)/1F)=  _ 

C  IF  3D1B  IS  =  >  1  GO  TO  ITEM  4 

D  IF  3D1B  IS  <  1  PROJECT  DOES  NOT  QUALIFY 

4.  FIRST  YEAR  DOLLAR  SAVINGS  2F3+3A+( 3B1D/ (YEARS  ECONOMIC  LIFE))  $  -838. 

5.  TOTAL  NET  DISCOUNTED  SAVINGS  (2F5+3C)  $  -4955. 

6.  DISCOUNTED  SAVINGS  RATIO  (SIR)=(5  /  1F)=  -.18 

(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 

7.  SIMPLE  PAYBACK  PERIOD  (ESTIMATED)  SPB=lF/4  -32.59 
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ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 
FT.  SILL,  OKLAHOMA 

CENTRAL  PLANT:  5678 

ENERGY  CONSERVATION  OPPORTUNITY:  ECO-  9 

SYSTEM  MODIFICATION:  REPLACE  BOILER  WITH  HIGHER  EFFICIENCY  BOILER 

SYSTEMS  TO  MODIFY:  BOILER  1  AND  2 


CALCULATION  DESCRIPTION: 

Two  PC-CUBE  program  computer  runs  are  compared  to  determine  the  energy  savings  for 
ECO -9,  renovate  or  replace  existing  boilers. 

The  first  computer  run  (Baseline)  is  a  simulation  of  the  existing  structure,  equipment,  and 
systems,  and  how  they  are  presently  operated.  The  second  computer  run  (ECO)  is  also  a 
simulation  of  the  existing  building  with  modifications  implemented  in  the  systems,  equipment, 
or  the  operation.  The  difference  in  the  totals  from  the  two  computer  runs  represents  the  savings. 


ANNUAL  UTILITY  SAVINGS 


Electric 

Nat.  Gas 

Total  Energy 

PC  CUBE  RUN 

Demand(kW) 

Energy(kWh) 

(MMBtu) 

(MMBtu) 

Baseline 

— 

— 

16,330 

16,330 

ECO 

— 

— 

11,200 

11,200 

Savinas  fBaseline-ECO) 

0 

0 

5.130 

5.130 

NOTE:  The  savings  for  this  ECO  did  not  consider  any  interrelated  savings  with  other 

ECOs  identified  as  economically  feasible. 


ENERGY  COST  SAVINGS: 

Electricity: 

0  MMBtuA'r 

X 

$4.0141  /MMBtu  = 

$0  per  year 

Nat.  Gas; 

5130  MMBtuA'r 

X 

$2.92 /MMBtu  = 

$14,980  per  year 

Total  Energy  Cost  Savings: 

$0 

+ 

$14,980 

$14,980  per  year 

NON-ENERGY  SAVINGS  (+),  COST  (-): 

Demand; 

0  kW/month 

X 

$1.787/kW  X 

12  months/year 

=  (+) 

.  $0 

per  year 

Maintenance;  =  (-) 

$3,000 

per  year 

Total: 

$0 

$3,000 

($3,000)  per  year 
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CENTRAL  PLANT  5678  BASELINE 


PC -CUBE  VERSION  2.0.3 


SYSTEM  Cl  NORMAL  HEATING  AND  COOLING 


PAGE  NO. 


**  TOTAL  ** 


FUEL  AND  POWER  CONSUMPTION  SYSTEM  Cl 

TOTAL  GAS  CONSUMP.,  1000  CU  FT  16330. 

PEAK  DAY  GAS  CONSUME.,  1000  CU  FT  136. 

ELECTRICAL  CONSUMPTION,  KWH  233241. 

PEAK  KW  DEMAND  (15  MIN  BASIS)  106. 

PURCHASED  ELECTRIC  POWER 

ON -PEAK  CONSUMPTION  KWH  233241. 

ON-PEAK  KW  DEMAND  (15  MIN  BASIS)  106. 

MID-PEAK  CONSUMPTION  KWH  0. 

MID-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

OFF-PEAK  CONSUMPTION  KWH  0. 

OFF-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

GENERATED  ELECTRICAL  POWER  KWH  0. 

SOLD  ELECTRICAL  POWER  KWH  0. 

AUXILIARY  FUEL  CONSUMPTION  0 . 

DIR.  PROC.  GAS  CONSUME.,  1000  CF  0. 

CHILLER  OPERATING  HOURS 

CHILLER  1  3672 

BOILER  OPERATING  HOURS 

BOILER  1  3624 

BOILER  2  2808 

RECOVERABLE  HEAT  USED,  MBTU  0. 

RECOVERABLE  HEAT  UNUSED,  MBTU  0. 


20 
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CENTRAL  PLANT  5678  BOILER  ECO- 3 


PC-CUBE  VERSION  2.0.3 


SYSTEM  Cl  NORMAL  HEATING  AND  COOLING 

FUEL  AND  POWER  CONSUMPTION  SYSTEM  Cl 


total  GAS  CONSUME.,  1000  CU  FT 
PEAK  DAY  GAS  CONSUME.,  1000  CU  FT 


11199. 

116. 


ELECTRICAL  CONSUMPTION,  KWH 
PEAK  KW  DEMAND  (15  MIN  BASIS) 
PURCHASED  ELECTRIC  POWER 
ON-PEAK  CONSUMPTION  KWH 
ON -PEAK  KW  DEMAND  (15  MIN  BASIS) 
MID-PEAK  CONSUMPTION  KWH 
MID- PEAK  KW  DEMAND  (15  MIN  BASIS) 
OFF-PEAK  CONSUMPTION  KWH 
OFF-PEAK  KW  DEMAND  (15  MIN  BASIS) 
GENERATED  ELECTRICAL  POWER  KWH 
SOLD  ELECTRICAL  POWER  KWH 


233241. 

106. 

233241. 

106. 

0. 

0. 

0. 

0. 

0. 

0. 


AUXILIARY  FUEL  CONSUMPTION 


DIR.  PROC.  GAS  CONSUMP.,  1000  CF 
CHILLER  OPERATING  HOURS 
CHILLER  1 

BOILER  OPERATING  HOURS 
BOILER  1 
BOILER  2 


0. 


3672 

3624 

1960 


RECOVERABLE  HEAT  USED,  MBTU 
RECOVERABLE  HEAT  UNUSED,  MBTU 


PAGE  NO.  8 


**  TOTAL  ** 
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LIFE  CYCLE  COST  ANALYSIS  SUMMARY  STUDY:  B5678EC3 

ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP)  LCCID  1.035 

INSTALLATION  &  LOCATION:  FT.  SILL,  OKLAHOMA  REGION  NOS.  6  CENSUS:  3 

PROJECT  NO.  &  TITLE:  3002-000  ENERGY  SURVEY  OF  ARMY  BOILER/CHILLERS 
FISCAL  YEAR  1991  DISCRETE  PORTION  NAME:  BOILER  REPLACEMENT 
ANALYSIS  DATE:  04-12-91  ECONOMIC  LIFE  25  YEARS  PREPARED  BY:  KC 


1 .  INVESTMENT 

A.  CONSTRUCTION  COST 

B.  SIOH 

C.  DESIGN  COST 

D.  ENERGY  CREDIT  CALC  ( lA+lB+lC) X. 9 

E.  SALVAGE  VALUE  COST 

F.  TOTAL  INVESTMENT  (ID-IE) 


$  99852. 

$  5492. 

$  5992. 

$  100202. 

-$  0. 

$  100202. 


2.  ENERGY  SAVINGS  (+)  /  COST  (-) 

ANALYSIS  DATE  ANNUAL  SAVINGS,  UNIT  COST  &  DISCOUNTED  SAVINGS 


UNIT  COST  SAVINGS 


FUEL 

$/MBTU(l) 

MBTU/YR(2) 

A, 

ELECT 

$  4.01 

0. 

B. 

DIST 

$  .00 

0. 

C. 

RESID 

$  .00 

0. 

D, 

NAT  G 

$  2.92 

5130. 

E. 

COAL 

$  .00 

0. 

F, 

TOTAL 

5130. 

NON 

ENERGY 

SAVINGS (+) 

/  COST(-) 

A, 

ANNUAL 

RECURRING 

(+/-) 

(1)  DISCOUNT  FACTOR  (TABLE  A) 

(2)  DISCOUNTED  SAVING/COST  (3A 


ANNUAL  $ 

DISCOUNT 

DISCOUNTED 

SAVINGS(3) 

FACTOR(4) 

SAVINGS(5) 

$  0. 

11.37 

0. 

$  0. 

17.06 

0. 

$  0. 

16.85 

0. 

$  14980. 

17.52 

262443. 

$  0. 

13.34 

0. 

$  14980. 

$  262443. 

$ 

“1792. 

.  11.65 

lAl) 

$ 

-20877. 

C.  TOTAL  NON  ENERGY  DISCOUNTED  SAVINGS(+)  /COST(-)  (3A2+3Bd4)  $  -20877. 


D.  PROJECT  NON  ENERGY  QUALIFICATION  TEST 

(1)  25%  MAX  NON  ENERGY  CALC  (2F5  X  .33)  $  86606. 

A  IF  3D1  IS  =  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  =  (2F5+3D1)/1F)=  _ 

C  IF  3D1B  IS  =  >  1  GO  TO  ITEM  4 

D  IF  3D1B  IS  <  1  PROJECT  DOES  NOT  QUALIFY 

4.  FIRST  YEAR  DOLLAR  SAVINGS  2F3+3A+ ( 3B1D/ (YEARS  ECONOMIC  LIFE))  $  13188. 

5.  TOTAL  NET  DISCOUNTED  SAVINGS  (2F5+3C)  $  241566. 


6.  DISCOUNTED  SAVINGS  RATIO  (SIR)=(5  /  1F)= 

(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 

7.  SIMPLE  PAYBACK  PERIOD  (ESTIMATED)  SPB=lF/4 


2.41 

7.60 
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ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 
FT.  SILL.  OKLAHOMA 

CENTRAL  PLANT:  5678 

ENERGY  CONSERVATION  OPPORTUNITY:  ECO-  10 

SYSTEM  MODIFICATION:  OXYGEN  TRIM  FOR  BURNERS 
SYSTEMS  TO  MODIFY:  BOILER  1  AND  2 


CALCULATION  DESCRIPTION:  ow 

Two  PC-CUBE  program  computer  runs  are  compared  to  determine  the  energy  savings  for 

ECO -10,  install  oxygen  trim  for  burners. 

The  first  computer  run  (Baseline)  is  a  simulation  of  the  existing  structure,  equipment,  ^d 
systems,  and  how  they  are  presently  operated.  The  second  computer  run  (ECO)  's  a'so  a 
simulation  of  the  existing  building  with  modifications  implemented  in  the  systems,  ® 
or  the  operation.  The  difference  in  the  totals  from  the  two  computer  runs  represents  the  saving  . 


ANNUAL  UTILITY  SAVINGS 


PC  CUBE  RUN 

E 

lectric 

Nat.  Gas 
fMMBtu) 

Total  Energy 
fMMBtu) 

DemandfkWI 

EneravfkWh) 

Rocplinp 

_ 

— 

16,3^ 

16.330 

PCO 

_ 

— 

14,793 

14.793 

Savinas  fBaseline-ECO) 

0 

1.537 

1.537 

NOTE:  The  savings  for  this  ECO  did  not  consider  any  interrelated  savings  with  other 

ECOs  identified  as  economically  feasible. 


ENERGY  COST  SAVINGS: 

Electricity: 

Nat.  Gas; 

Total  Energy  Cost  Savings: 


0  MMStum  X 

1537  MMBtuA^r  X 

$0  + 


$4.0141  /MMBtu  = 
$2.92/MMBtu  = 
$4,488 


NON -ENERGY  SAVINGS  (+),  COST  (-): 

Demaid:  0  kW/month  X 

=  (+)  $0  per  year 

=  (-)  $1 ,799  per  year 


$1.787/kW  X 


$0  per  year 
$4,488  per  year 
$4,488  per  year 

12  months/year 


Maintenance: 

Total: 


$0 


$1,799 


($1,799)  per  year 


[ECO-SHT.WK31 
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PC-CUBE  VERSION  2.0.3 

CENTRAL  PLANT  5678  BASELINE 

SYSTEM  Cl  NORMAL  HEATING  AND  COOLING 


FUEL  AND  POWER  CONSUMPTION  SYSTEM  Cl 

TOTAL  GAS  CONSUME.,  1000  CU  FT  16330. 

PEAK  DAY  GAS  CONSUME.,  1000  CU  FT  136. 

ELECTRICAL  CONSUMPTION,  KWH  233241. 

PEAK  KW  DEMAND  (15  MIN  BASIS)  106. 

PURCHASED  ELECTRIC  POWER 

ON-PEAK  CONSUMPTION  KWH  233241. 

ON-PEAK  KW  DEMAND  (15  MIN  BASIS)  106, 

MID-PEAK  CONSUMPTION  KWH  0. 

MID-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

OFF-PEAK  CONSUMPTION  KWH  0. 

OFF-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

GENERATED  ELECTRICAL  POWER  KWH  0. 

SOLD  ELECTRICAL  POWER  KWH  0. 

AUXILIARY  FUEL  CONSUMPTION  0. 

DIR.  PROC.  GAS  CONSUMP.,  1000  CF  0. 

CHILLER  OPERATING  HOURS 

CHILLER  1  3672 

BOILER  OPERATING  HOURS 

BOILER  1  3624 

BOILER  2  2808 

RECOVERABLE  HEAT  USED,  MBTU  0. 

RECOVERABLE  HEAT  UNUSED,  MBTU  0. 


PAGE  NO. 


**  TOTAL  ** 


20 
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PC-CUBE  VERSION  2.0.3 


PAGE  NO 


8 


CENTRAL  PLANT  5678  BOILER  ECO- 4 

SYSTEM  Cl  NORMAL  HEATING  AND  COOLING 

FUEL  AND  POWER  CONSUMPTION 

TOTAL  GAS  CONSUMP.,  1000  CU  FT 
PEAK  DAY  GAS  CONSUMP.,  1000  CU  FT 

ELECTRICAL  CONSUMPTION,  KWH 
PEAK  KW  DEMAND  (15  MIN  BASIS) 

PURCHASED  ELECTRIC  POWER 
ON -PEAK  CONSUMPTION  KWH 
ON-PEAK  KW  DEMAND  (15  MIN  BASIS) 

MID-PEAK  CONSUMPTION  KWH 
MID-PEAK  KW  DEMAND  (15  MIN  BASIS) 
OFF-PEAK  CONSUMPTION  KWH 
OFF-PEAK  KW  DEMAND  (15  MIN  BASIS) 
GENERATED  ELECTRICAL  POWER  KWH 
SOLD  ELECTRICAL  POWER  KWH 

AUXILIARY  FUEL  CONSUMPTION 

DIR.  PROC.  GAS  CONSUMP.,  1000  CF 
CHILLER  OPERATING  HOURS 
CHILLER  1 

BOILER  OPERATING  HOURS 
BOILER  1 
BOILER  2 

RECOVERABLE  HEAT  USED,  MBTU 
RECOVERABLE  HEAT  UNUSED,  MBTU 


**  TOTAL  ** 


SYSTEM  Cl 

14792. 

136. 

233241. 

106. 

233241. 

106. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

3672 

3624 

2637 

0. 

0. 
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SPECIFICATIOMS-AIB  iyUZER  II  SYSTEM 


SENSOR 


Temperature  Control:  On-Off  by  mi¬ 
croprocessor  ( ±  1  X) 

Linearization:  256  segments  from 
20%  to  0.2%  Oj,  (218  from  10%  to 
0.2%),  by  microprocessor 
Controller  Action:  On-Off— "On’* 
time  adjustable  2-20  seconds. 
"Off”  time  adjustable  2-60 
seconds. 

Deadband:  ±  0.25%  oxygen. 
LED’s  Indicate  motor  driving. 

Will  not  allow  decrease  In  air 
when  O,  Is  below  0.5%  oxygen. 
Air  flow  will  Increase  to  -i-15% 
max.  If  O,  level  is  above  12%. 


Nominal  Dimensions:  14Vi"H  x 
10V4"W  X  10  "D  (37.2  X  26  X  25.4  cm) 

Enclosure:  Weather  resistant— S.S. 
case,  nickel  plated  carbon  steel 
base 

Weight:  55  pounds  (25  kg) 

Accuracy:  ±  1%  of  net  excess  oxy¬ 
gen 


Setpoint:  0  to  10%  oxygen  by  either 
of:  A.  Two  banks  of  5  slide  pots, 
(Dual  Fuel)  selectable  by  slide 
switch;  proper  pot  or  pots  con¬ 
nected  to  processor  by  switch  in 
actuator.  B.  Manual  pot  on  panel 
A  or  B  selected  by  Remote/Local 
switch  on  panel.  Setpoint  In¬ 
dicated  by  edge  reading  meter 


Repeatability:  ±0,2%  of  measured  (0-10%) 
value 


Response:  90%  of  full  scale  in  less 
than  5  seconds 

Drift:  Less  than  0.1  %  of  sensor  cell 
output  per  month 

Ambient  Temperatures:  -5  to 
-I-175T  (-20.5  to  -J-79X) 

Sample  Temperatures:  Upto  1300®F 
(704  ®C)  with  standard  probe 

Sample  Flow  Rate:  0.1  to  120  scfh 
(0.47  to  56.65  liters/minute) 

Air  Aspirator  Requirements:  10  to 
20  scfh  (4.72  to  14.16  liters/  mln) 
at  15-100  psi  (1.05  to  7.037  kg/cm*) 
(Aspirator  air  regulator  furnished 
with  sensor  normally  set  at  2-7 
psi;  0.14  -  0.49  kg/cm*) 

Calibration:  With  analyzed  oxygen 
In  nitrogen  sample.  Calibration 
port  provided. 

CONTROL  UNIT 

Nominal  Dimensions:  12V8"H  x 
10Va"W  X  978  "D  (32.1  x  27.6  x  23.2 
cm) 

Enclosure:  Wall/panel  mounted- 
meets  the  requirements  for  NEMA 
4  areas 

Weight:  22  pounds  (10  kg) 


Manual  Control:  Manual/Auto 
switch  and  Increase — decrease 
push  buttons  (Spring  return 
switch  Inside  control  unit  can 
override  all  control  actions  In  the 
event  of  processor  failure). 

Ready  Indicator:  On  at  temperature 
set  point.  Off  below  temperature 
set  point.  Flashes  above  tempera¬ 
ture  set  point.  Oj  Control  In 
“manual"  when  below  set  point. 

Oxygen  Scale:  20.9  to  0.1%  O, 
Logarithmic 

Alarms:  High  and  Low  O2. adjustable 
0.2  to  20%.  RTD  Failure  (shuts 
down  temperature  control,  and 
puts  O,  control  In  “manual"). 


Increase  Air  Override:  Contact  clo¬ 
sure  from  optional  combustibles 
or  smoke  detector  alarm  will 
cause  Increase  In  air  signal  on 
each  control  pulse  regardless  or 
O2  vs.  O2  setpoint  relationship. 
Once  combustibles  contact  opens, 
normal  control  will  resume.  This 
maintains  air  flow  at  a  level  where 
maximum  allowable  combustibles 
or  smoke  Is  not  exceeded. 

Ambient  Temperature  Limits:  32  T 
to  140"F  (0  to  +60X) 

Recorder  Output:  0-100  mv  = 
0-20%  O2  Linear  (0-50 mv  =0-10%) 
Other  current  or  voltages  outputs 
optional 


Overall  Size:  17V2"L  x  4''W  x 
10%  "H  (44.5  X  10.2  X  26  cm) 

Weight:  16.5  pounds  (7.5  kg) 

Angular  Travel  (Input  Arm):  60® 

Linear  Link  Travel:  Adjustable  4"  to 
10^'  at  4"  to  10"  Radius  (10.2  to 
25.4  cm  at  10.2  to  25.4  cm  Radius) 

Linear  Link  Force:  100  pounds  at 
4"  Radius  (45.5  kg  at  10.2  cm 
Radius) 

70  pounds  at  6"  Radius  (31.8  kg  at 
15.2  cm  Radius) 

40  pounds  at  10"  Radius  (18.2  kg 
at  25.4  cm  Radius) 

Case:  Suitable  for  areas  requiring 
NEMA  2  equipment  (Drip  proof  In¬ 
door) 

Correction:  -  15%  to  -f  15%  (.85  to 
1.15  gain)  of  normal  air  flow 

Speed:  60  seconds  from  -15%  to 
-f  15%  correction  (max.) 

Load  Indication:  9  position  shorting 
switch  tied  to  Input  arm 

Brake:  Internal  brake  will  hold  load 
at  any  above /rated  force  without 
“coasting" 

Ambient  Temperature  Limits:  0®Fto 
160®F(-18to  -i-7rC) 
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DATE  PREPARED 

08-Apr-91 

SHT  OF 

CHECKED  BY  CEL 

SHIPPING 

Total 

Wt 

Unit 

Wt 

EFFECTIVE  PRICING 

DATE  APR.  91 

DRAWING  NO. 

KC 

TOTAL 

$15,590 

$864 

$935 

$1 .799 

$15,590 

$2,494 

$1,559 

$19,643 

$3,929 

$23,572 

$1,296 

o> 

(0 

CO 

CM 

40 

cc 

o 

1- 

< 

1 

CO 

UJ 

MATERIAL 

Cost 

$9,590 

$840 

$935 

$9,590 

$1,534 

$959 

$12,063 

CM 

4/> 

$14,500 

CO 

0) 

40 

00 

0> 

CM 

U) 

r\ 

Unit 

Price 

o 

o 

CO 

$420 

lO 

CO 

0) 

40 

U 

'll] 

O 

O 

O 

EQUIPMENT 

Cost 

INVITATION  NO./CONTRACT  NC 

DACA  59 -90 -C -0087 

X  CODE  b| 

Unit 

Price 

CODE  A 

OTHER 

LABOR 

Cost 

o 

o 

o 

<D 

rt 

CM 

$6,000 

$960 

009$ 

$7,560 

$1,512 

$9,072 

$499 

$9,571 

Unit 

Price 

o 

o 

o 

CO 

CM 

[ ' 

COST  ESTIMATE  ANALYSIS 

PROJECT  ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER 

LOCATION  FT.  SILL.  OKLAHOMA 

Total 

Hrs 

q 

1 

MH/ 

Unit 

lO 

d 

Quantity 

Unit 

Meas 

EA 

< 

LU 

LS 

No.  Of 

Units 

CM 

1 

CM 

16.0% 

o 

d 

o 

d 

CM 

5.5% 

BOILER  ECO  BLDG.  5678 

BOILER  CONTROL  02  TRIM 

TASK  DESCRIPTION 

02  TRIM  CONTROL 

_ 

ANNUAL  RECURRING  COST 

CC 

o 

CO 

z 

LiJ 

CO 

z 

liJ 

O 

OTHER  MAINTENANCE  COST 

ANNUAL TOTAL 

SUBTOTAL 

O 

z 

O 

ffi 

d 

< 

Ui 

X 

QC 

UJ 

> 

o 

PROFIT 

i  COST  SUB-TOTAL 

!  CONTINGENCY 

SUBTOTAL 

1  S&A 

TOTAL  THIS  SHEET 
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DA  FORM  541 8-R.  APR  85 


LIFE  CYCLE  COST  ANALYSIS  SUMMARY  STUDY;  5678EC10 

ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP)  LCCID  1.035 

INSTALLATION  &  LOCATION;  FT.  SILL,  OKLAHOMA  REGION  NOS.  6  CENSUS;  3 

PROJECT  NO.  &  TITLE;  3002-000  ENERGY  SURVEY  OF  ARMY  BOILER/ CHILLERS 
FISCAL  YEAR  1991  DISCRETE  PORTION  NAME;  BOILER  02  TRIM  CONTROL 
ANALYSIS  DATE;  04-10-91  ECONOMIC  LIFE  15  YEARS  PREPARED  BY;  KC 


1 .  INVESTMENT 

A.  CONSTRUCTION  COST 

B.  SIOH 

C.  DESIGN  COST 

D.  ENERGY  CREDIT  CALC  ( 1A+1B+1C)X. 9 

E.  SALVAGE  VALUE  COST 

F.  TOTAL  INVESTMENT  (ID-IE) 


$ 

$ 

$ 

$ 

-$ 

$ 


2.  ENERGY  SAVINGS  (+)  /  COST  (-) 

ANALYSIS  DATE  ANNUAL  SAVINGS,  UNIT  COST  &  DISCOUNTED  SAVINGS 


23572. 

1297. 

1415. 

23656. 

0. 

23656. 


UNIT  COST 

SAVINGS 

ANNUAL  $ 

DISCOUNT 

DISCOUNTED 

FUEL 

$/MBTU(l) 

MBTU/YR(2) 

SAVINGS ( 3 ) 

FACTOR(4) 

SAVINGS ( 5 ) 

A. 

ELECT 

$  4,01 

0. 

$ 

0. 

8.78 

0. 

B. 

DIST 

$  •OO 

0. 

$ 

0. 

12.34 

0. 

C. 

RESID 

$  .00 

0. 

$ 

0. 

12.05 

0. 

D. 

NAT  G 

$  2.92 

1537. 

$ 

4488. 

12.48 

56011. 

E. 

COAL 

$  .00 

0. 

$ 

0. 

10.01 

0. 

F, 

TOTAL 

1537. 

$ 

4488. 

$  56011. 

NON 

ENERGY 

SAVINGS (+)  / 

COST(-) 

A. 

ANNUAL 

RECURRING  (+/ 

“) 

$  -1799. 

(1)  DISCOUNT  FACTOR 

(TABLE  A) 

9.11 

(2)  DISCOUNTED  SAVING/COST  (3A  X 

3A1) 

$  -16389. 

C. 

TOTAL  NON  ENERGY  DISCOUNTED  SAVINGS (+) 

/COST(-) 

(3A2+3Bd4) 

$  -16389. 

D.  PROJECT  NON  ENERGY  QUALIFICATION  TEST 

(1)  25%  MAX  NON  ENERGY  CALC  (2F5  X  .33)  $  18484. 

A  IF  3D1  IS  =  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  =  (2F5+3D1)/1F)=  _ 

C  IF  3D1B  IS  =  >  1  GO  TO  ITEM  4 

D  IF  3D1B  IS  <  1  PROJECT  DOES  NOT  QUALIFY 

4.  FIRST  YEAR  DOLLAR  SAVINGS  2F3+3A+(3BlD/( YEARS  ECONOMIC  LIFE))  $  2689. 

5.  TOTAL  NET  DISCOUNTED  SAVINGS  (2F5+3C)  $  39622. 

6.  DISCOUNTED  SAVINGS  RATIO  (SIR)=(5  /  1F)=  1.67 

(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 

7.  SIMPLE  PAYBACK  PERIOD  (ESTIMATED)  SPB=lF/4  8.80 
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ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 
FT.  SILL,  OKLAHOMA 

CENTRAL  PLANT:  5678 

ENERGY  CONSERVATION  OPPORTUNITY:  ECO-  12 

SYSTEM  MODIFICATION:  STACK  ECONOMIZERS 
SYSTEMS  TO  MODIFY:  BOILER  1  AND  2 


CALCULATION  DESCRIPTION: 

Two  PC-CUBE  program  computer  runs  are  compared  to  determine  the  energy  savings  for 
ECO-12,  install  stack  economizer  for  boilers. 

The  first  computer  run  (Baseline)  is  a  simulation  of  the  existing  structure,  equipment,  and 
systems,  and  how  they  are  presently  operated.  The  second  computer  run  (ECO)  is  also  a 
simulation  of  the  existing  building  with  modifications  implemented  in  the  systems,  equipment, 
or  the  operation.  The  difference  in  the  totals  from  the  two  computer  runs  represents  the  savings. 


ANNUAL  UTILITY  SAVINGS 


Electric 

Nat.  Gas 

Total  Energy 

PC  CUBE  RUN 

Demand(kW) 

Energy(kWh) 

(MMBtu) 

(MMBtu) 

Baseline 

— 

— 

16,330 

16,330 

ECO 

— 

— 

16,134 

16,134 

Savinas  (Baseline -EC01 

0 

0 

196 

196 

NOTE;  The  savings  for  this  ECO  did  not  consider  any  interrelated  savings  with  other 
ECOs  identified  as  economically  feasible. 


ENERGY  COST  SAVINGS: 

Electricity: 

0  MMBtu/Yr  X 

$4.0141  /MMBtu  = 

$0  per  year 

Nat.  Gas: 

196  MMBtuA^r  X 

$2.92 /MMBtu  = 

$572  per  year 

Total  Energy  Cost  Savings: 

$0  + 

$572 

$572  per  year 

NON -ENERGY  SAVINGS  (+),  COST  (-): 

Demand: 

0  kW/month  X 

$1.787/kW  X 

12  months/year 

=  (+) 

$0  per  year 

Maintenance:  =  (-) 

$0  per  year 

Total: 

$0 

$0 

$0  per  year 

[ECO-SHT.WK31 
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PC-CUBE  VERSION  2.0.3 

CENTRAL  PLANT  5678  BASELINE 

SYSTEM  Cl  NORMAL  HEATING  AND  COOLING 


FUEL  AND  POWER  CONSUMPTION  SYSTEM  Cl 

TOTAL  GAS  CONSUME.,  1000  CU  FT  16330. 

PEAK  DAY  GAS  CONSUME.,  1000  CU  FT  136. 

ELECTRICAL  CONSUMPTION,  KWH  233241, 

PEAK  KW  DEMAND  (15  MIN  BASIS)  106. 

PURCHASED  ELECTRIC  POWER 

ON -PEAK  CONSUMPTION  KWH  233241. 

ON-PEAK  KW  DEMAND  (15  MIN  BASIS)  106. 

MID-PEAK  CONSUMPTION  KWH  0. 

MID-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

OFF-PEAK  CONSUMPTION  KWH  0. 

OFF-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

GENERATED  ELECTRICAL  POWER  KWH  0. 

SOLD  ELECTRICAL  POWER  KWH  0. 

AUXILIARY  FUEL  CONSUMPTION  0. 

DIR.  PROC.  GAS  CONSUMP.,  1000  CF  0. 

CHILLER  OPERATING  HOURS 

CHILLER  1  3672 

BOILER  OPERATING  HOURS 

BOILER  1  3624 

BOILER  2  2808 

RECOVERABLE  HEAT  USED,  MBTU  0. 

RECOVERABLE  HEAT  UNUSED,  MBTU  0. 
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PC-CUBE  VERSION  2.0.3 


PAGE  NO 


6 


CENTRAL  PLANT  5678  BOILER  ECO-6 

SYSTEM  Cl  NORMAL  HEATING  AND  COOLING 

FUEL  AND  POWER  CONSUMPTION 

TOTAL  GAS  CONSUME.,  1000  CU  FT 
PEAK  DAY  GAS  CONSUME.,  1000  CU  FT 

ELECTRICAL  CONSUMPTION,  KWH 
PEAK  Kw  Demand  (15  min  basis) 

PURCHASED  ELECTRIC  POWER 
ON -PEAK  CONSUMPTION  KWH 
ON -PEAK  KW  DEMAND  {15  MIN  BASIS) 

MID-PEAK  CONSUMPTION  KWH 
MID-PEAK  KW  DEMAND  (15  MIN  BASIS) 
OFF-PEAK  CONSUMPTION  KWH 
OFF-PEAK  KW  DEMAND  (15  MIN  BASIS) 
GENERATED  ELECTRICAL  POWER  KWH 
SOLD  ELECTRICAL  POWER  KWH 

AUXILIARY  FUEL  CONSUMPTION 

DIR.  PROC.  GAS  CONSUMP.,  1000  CF 
CHILLER  OPERATING  HOURS 
CHILLER  1 

BOILER  OPERATING  HOURS 
BOILER  1 
BOILER  2 

RECOVERABLE  HEAT  USED,  MBTU 
RECOVERABLE  HEAT  UNUSED,  MBTU 


**  TOTAL  ** 


SYSTEM  Cl 

16134. 

136. 

233241. 

106. 

233241. 

106. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

3672 

3624 

2796 

0. 

0. 
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COST  ESTIMATE  ANALYSIS  INVITATION  NO./CONTRACT  NO.  EFFECTIVE  PRICING  DATE  PREPARED 

_ _ DACA  59 --90 - C -0087  _ DATE  APR.  91 _ 11 -Apr-91 _ 

PROJECT  ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER _  _  CODE  a|  X  |  CODE  b|  CODE  C  DRAWING  NO.  SHT  OF 

LOCATION  FT.  SILL.  OKLAHOMA  _  OTHER  _ _ 

ESTIMATOR  KC  CHECKED  BY  CEL 


iS  5:  5 
o  5 


«  i  I 


CM  CO  CO  CO 
CO  N.  CO  00 
00  ^  O)  CJ> 


CO  CD  (»  ir> 

C3>  CO  ^  CO 

CA  0>  <0  <0 

CJ>  T-'  <r.‘ 

CM  4^  CO 


CO 

0  CO 

0) 

CO  IT) 

C3> 

(0  CO 

^  cm" 

ir“ 

4^ 

4^ 

Q  5"  Q\  S’ 


0» 

CO 

0 

CM 

<j> 

o> 

C3> 

C3> 

CO 

o> 

(3) 

(3> 

Oi 

a> 

cm' 

4A^ 

oo' 

T- 

4» 

<D  ^ 
C  .9 

=3  i 

GC _ 

2  -g  <0 

3r  iS  2  U5 


.ti 

J  S 

^  ^  Z 


c - 

CO  H- 

D  O 

o  ^ 

O  5 


z 

0 

>- 

m 

I 

0 

d 

CD 
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Ul 

0 

0 

I 

t 

(0 

z 

K 

IE 

LL 

H 

H 

OD 

UJ 

0 

(0 

Z 

3 

> 

(E 

0 

0 

(0 

0 

fL 

0 

0 
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fabricated  PRODUCTil 


QUOTO'IOi 


ma  iagitt«*ri 


/ 311-10380-0-0 


li¥nngm:i?^H 


DISCkIPTIM 


miaoKaCTD  HCOlggQRlBO 


(Quantitlai  balow  are  for  oaoh  unit) 

■oltad  aceaaa  MaoMa;  in  eating#  approximataly 
18“  Square#  carbon  ateel  conttruotlon. 

1/2"  ibreadad  oonnaobton  for  tafaty  relief 
vaIvm  ail  h0a4aift 

1/2"  Thtf0A4«d  lAfaty  if0li0f  vAlVif  Kunkle 
■sriat  t27a 

«  nil  j^rapAld  and  kill  ihlptiontB  will  !»•  At  tlia  bill" 
«bl«  friiltfbt  Biiount  plu«  ■  lervici  oharg#  Qt  10%  # 

A  ••rvie#  cbargA  la  not  required  for  oollaot 
•bippmnt*  or  tnird  billing. 

^^••AAAAAAAAA*******^*^* 

A  KBHTUBfi  if  A  m«ab«r  of  th«  ^ 

A  mocaxcah  notWR  uxmrhc^nnns  absogiat^ioh  * 


n 

Kmhli 

■tvMiai  riHiiai  mwmatim 

rEDPRODUCT$ 

4110  I.  IlMOOd 
SuliM,  okl»boB»  74107 
Phonal  (914)  444-4S41 
PAXi  (918)  4A4-4340 


QUOTATION 


wc  Infinaavi 

3790  lewth  NndaHorth  Blvd. 

Daavar«  fW  80337 

Attantloni  Mr.  Dannis  Oronas 


lOUbfAT  iON  DAT  I 
04/10/91 


hrOUR  MFERENCE 


pmnnKT’'' — 

911-10)90-0-0 


SHIPPING  ItllHATI 
d  Hookfi* 

TERNS 

M*t  30  Day* 

PACE  1  OP  J 

arilPPIHQ  DESTINATION 

r.o.a. 

Knntul»«  llie])** 

THANK  YOU  FOR  YOUR  INQUIRY.  WE  APPRBCaATE  THE  OPPORTUNITY  TO  PROPOSJE  THE  POIXOWINO: 


Bl 

Entity 

OeSCAlPTION 

■KIjZIQiHil 

8 

Rnnfcub*  SUIIROHXSBR  Punl  'Beenonlcar  Cylindriflal 

Hodail  301l40i  in  accordRiiee  with  the  attached 
ptrfomhBee  fp8oiCloRtlotia< 

DBStOH  PSAXUAE8 
tub«  unit;  4  finm  p«r  inch; 

VttriioAi  ^as  flow)  Counter-currant  flow 
ruaX  tfpot  NAZURJOi  OASa 

Hatiiietad  Bhipping  Haight  17  68  4  LBS  a 

Praasura  parta  to  Baotion  1  of  the  ASNB  Boiler 

8  PraiBura  Vaeeal  Gedas 

Batamal  2^*  iniulatiott  with  weatherproof, 
oorrugetad  caeing  ie  inoludada 

zbraadad  drain  and  vent  eonnactione  included t 

Kanttiba  manually  operated  aootblowar,  integral  with 
unit,  ittoXudade  Raguiraa  85  piig  to  280  paig 

Bupply  prBBBuraa 

3iai»K 

ji*;: 

s^s-ArfiV'VVfblW'  1  Jail. 

.i-wiai  »:--4  iC'H 

ManimfeiSissswi 

i.:(i  (.t.aiUiM.Vi'i:{.w.4‘WW>i4v.;.;..i;>;r.y4(i«aw4 

fSiSiWiiSSSSii# 

V  ».  W  MW4«:tlM<-HAsW  wiu,st,'li  l4..A|MviMi 
...•i r,  r.-.'.v. 

iiillKliS 

vv»rW|y.|{-^AWisiywri||j^|^ 

■  KibdU«MWBbm^4:sr«Ki»> 

ji  »»jMM 

$  39313. 

,  ^  / 

ENCLOSURES 

eei  sod  D.  Millar  Aaoeolatoa 


NDTEi  All  Nhlpplro  ••tlmitw  ar*  baatd  en  “aftar  raatipt  ardar**  and  "afiar  Tltuil  print  approvala" 
at  raoulrad.  Shipannta  ean  of  tan  ba  Inprovad  ipon  raquaat.  Plaait  contact  Kontuba. 

Pricti  (Ina  for  30  days  and  aubjact  ta  change  theraaflar.  No  provUlon  It  mda  far  Pidtril, 
Itatt  or  Nunicipal  taxati  All  ardara  art  lubjact  to  accaptanct  ar  rajaetian  by  tha  Credit  Dapartinent 
a(  Ktflttiba  and  to  the  Ttmt  of  Salt  ottichtd. 


YOUR  REPRESENTATIVE  ISi 

JxmA  0.  Miller  Aeeaeietee 

YOUR  ORDER  WILL  RECIIVt  OUR  RROHRT  ATTENTtOS 

1  KSNTUSE  FUfit  gated  PRODUCTl 

2140  south  ivanhoa 

Denver,  CO  80222 

lievEy  (Walfa^atrger 

lijllllllllllllllllillllKHBlilHCwKBSHHKflllhSlilillS^lllllllll^^ 
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li(«4(0PT«)|<)|c 
CUSTOIIGR 
KMC  EnQlntor* 

IxROraSAL  31l!l-103»0-0-0 
RUN  00 


OVERALL  PERFORMANCE 


KEHiURE 

(3.  ELUOOD  PRINTED  OA/10/91 

TllIJiA,!  OKI..AMOMA  TXIIF.  09  MRS  06  MINS 

CU«r.  REFERENCE 


CYLINDRICAL  I’UEL  ECONOMIZER  MODEL  SO  11  AO 

OVERALL  CONOTRUCTION 


COUNTEiiR  CURRENT  FLOW 

FLUID  CIRCULATED  IN  TUBEO  10  WATER 


HEAT  EXCHANGED 
U  FJXTERNAl. 
I.I1TI> 


ssaosr-j,  btu/hr 

A .  930  WriJ/HR  •  OOF  r-F 
1A0.3  DEG  r- 


PERFORMANCE  8PECIFICATI0N8 
TUBE  SIDE  OAB  SIDE 
9  T 


VERIICAL  OAO  FLOW 
DIMENOKJNfl 

DIM  A  (HEIGHT)  7'-3/A" 
DIM  B  (NOZ  C-C)  O'-O  l/S" 
DIM  C  (DlAMETEfOS'-V  3/A" 
DRAWING  NO  V-  A 

ISOT)!  DI...OWI!!:(’i!S  ARE  BUlLT  IN 


NO/’/LE  aiZE 
SURFACE  AREA 
t..HiU.IID  WEIGHT 
UNIT  Wr!i:H3HT(I)RY) 


2.0  ;  IN 

A9A.  „  ,80FT 
170.-’'.  LB 
1760,  ■■;f:'Lii 

.  -m 


CONSTRUCTION  SPECIF ICAT I ONB 
TUBE  SIDE 


FLXIW  f?ATfi: 
TEMP  IN 
TEMP  OUT 
PRES  IN 
PRES  DROP 


(3620..  t03<>/'. 

IGO.O  »00.0 

SA3.9  299-1 

1»0.0  PSIO  1A,7 
1-1  PS. I  -77 


DEO- 1" 

DEG  F 
PS  I A 
IN  WATER 


DES;i:(3H  PRES(3URE  A90,  PSI 

TEST  PRE8(3URE  73».  P81 

DESIGN  TEMPERATURE  700,  DEO 

TUBE  tUilSIDE  D.1:A  2.000  IN 

MATERIAL  C/8TL . 


FIN  THICKNESS 
PITCH 
MATERIAL 
INSULATION 


,060  IN 
A,  00  FINS. 

C/0Tt. 


MATERIAl-  MINERAL  WOOl 

TH.CCKMESS  2.0  IN 
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4Hig  eii^Dp<  •  TUI«,  OkliHomj  4T167 
^t6/44d-4Mf  •  Tilax:  49-2363 


CRFE.V4 

. - 
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LIFE  CYCLE  COST  ANALYSIS  SUMMARY  STUDY:  5678EC11 

ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP)  LCCID  1.035 

INSTALLATION  &  LOCATION;  FT.  SILL,  OKLAHOMA  REGION  NOS.  6  CENSUS;  3 

PROJECT  NO.  &  TITLE;  3002-000  ENERGY  SURVEY  OF  ARMY  BOILER/CHILLERS 
FISCAL  YEAR  1991  DISCRETE  PORTION  NAME:  ECONOMIZER  AIR  PREHEAT 
ANALYSIS  DATE;  04-11-91  ECONOMIC  LIFE  25  YEARS  PREPARED  BY;  KC 


3. 


4. 

5. 

6. 


INVESTMENT 

A.  CONSTRUCTION  COST  $  29986. 

B.  SIOH  $  1650. 

C.  DESIGN  COST  $  1800. 

D.  ENERGY  CREDIT  CALC  ( lA+lB+lC) X. 9  $  30092. 

E.  SALVAGE  VALUE  COST  -$  0. 

F.  TOTAL  INVESTMENT  (ID-IE)  $  30092. 

ENERGY  SAVINGS  (+)  /  COST  (-) 

ANALYSIS  DATE  ANNUAL  SAVINGS,  UNIT  COST  &  DISCOUNTED  SAVINGS 


UNIT  COST 

SAVINGS 

ANNUAL  $ 

DISCOUNT 

DISCOUNTED 

FUEL 

$/MBTU(l) 

MBTU/YR(2) 

SAVINGS (3) 

FACTOR(4) 

SAVINGS ( 5 ) 

A. 

ELECT 

$ 

4.01 

0. 

$ 

0. 

11.37 

0. 

B. 

DIST 

$ 

.00 

0. 

$ 

0. 

17.06 

0. 

C, 

RESID 

$ 

.00 

0. 

$ 

0. 

16.85 

0. 

D, 

NAT  G 

$ 

2.92 

196. 

$ 

572. 

17.52 

10027. 

E* 

COAL 

$ 

.00 

0. 

$ 

0. 

13.34 

0. 

F* 

TOTAL 

196. 

$ 

572. 

$  10027. 

NON 

ENERGY 

SAVINGS (+)  / 

COST(-) 

ANNUAL  RECURRING  (+/-) 

(1)  DISCOUNT  FACTOR  (TABLE  A) 

(2)  DISCOUNTED  SAVING/COST  (3A  X  3A1) 


11.65 


C.  TOTAL  NON  ENERGY  DISCOUNTED  SAVINGS(+)  /COST(-)  (3A2+3Bd4)  $ 

D. 


DISCOUNTED  SAVINGS  RATIO 

(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 

SIMPLE  PAYBACK  PERIOD  (ESTIMATED) 


(SIR)=(5  /  1F)= 
SPB=lF/4 


0. 

0. 

0. 


PROJECT  NON  ENERGY  QUALIFICATION  TEST 
(1)  25%  MAX  NON  ENERGY  CALC  (2F5  X  .33)  $  3309. 

A  IF  3D1  IS  =  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  =  (2F5+3D1)/1F)=  _ 

C  IF  3D1B  IS  =  >  1  GO  TO  ITEM  4 

D  IF  3D1B  IS  <  1  PROJECT  DOES  NOT  QUALIFY 

FIRST  YEAR  DOLLAR  SAVINGS  2F3+3A+(3B1D/ (YEARS  ECONOMIC  LIFE))  $  572. 

TOTAL  NET  DISCOUNTED  SAVINGS  (2F5+3C)  $  10027. 

.33 


52.58 


D-5678-57 


CENTRAL  PLANT  5900 


ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 
FT.  SILL.  OKLAHOMA 


CENTRAL  PLANT:  5900 

ENERGY  CONSERVATION  OPPORTUNITY:  ECO-  1 

SYSTEM  MODIFICATION:  ADD  INSTRUMENTATION  TO  DETERMINE  LOAD 
SYSTEMS  TO  MODIFY:  CHILLER  1 , 2,  3,  4,  AND  5 


CALCULATION  DESCRIPTION: 

Two  PC-CUBE  program  computer  runs  are  compared  to  determine  the  energy  savings  for 
ECO-1 ,  install  instrumentation  to  facilitate  efficient  operation  of  chiller  plant. 

The  first  computer  run  (Baseline)  is  a  simuiation  of  the  existing  structure,  equipment,  and 
systems,  and  how  they  are  presently  operated.  The  second  computer  run  (ECO)  is  also  a 
simulation  of  the  existing  building  with  modifications  implemented  in  the  systems,  equipment, 
or  the  operation.  The  difference  in  the  totals  from  the  two  computer  runs  represents  the  savings. 


ANNUAL  UTILITY  SAVINGS 


NOTE:  The  savings  for  this  ECO  did  not  consider  any  interrelated  savings  with  other 

ECOs  identified  as  economically  feasible. 


ENERGY  COST  SAVINGS: 

Electricity:  1772  MMBtu/Yr  X  $4.0141 /MMBtu  =  $7,112  per  year 

Nat.  Gas:  0  MMBtuA'r  X  $2.92 /MMBtu  =  $0  per  year 

Total  Energy  Cost  Savings:  $7,112+  $0  =  $7,112  per  year 

NON -ENERGY  SAVINGS  (+),  COST  (-): 


Demand:  0  kW/month  X  $1.787/kW  X  12  months/year 


D-5900-1 


PC~CUBE  VERSION  2.0.3 

CENTRAL  PLANT  5900  BASELINE 

SYSTEM  Cl  NORMAL  HEATING  AND  COOLING  LOADS 


FUEL  AND  POWER  CONSUMPTION  SYSTEM  Cl 

TOTAL  GAS  CONSUME.,  1000  CU  FT  172256. 

PEAK  DAY  GAS  CONSUMP.,  1000  CU  FT  1663. 

ELECTRICAL  CONSUMPTION,  KWH  2224028. 

PEAK  KW  DEMAND  (15  MIN  BASIS)  1886. 

PURCHASED  ELECTOIC  POWER 

CM^-PEAK  CONSUMPTION  KWH  2224028. 

ON-PEAK  KW  DEMAND  (15  MIN  BASIS)  1886. 

MID-PEAK  CONSUMPTION  KWH  0. 

MID- PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

OFF-PEAK  CONSUMPTION  KWH  0, 

OFF-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

GENERATED  ELECTRICAL  POWER  KWH  0. 

SOLD  ELECTRICAL  POWER  KWH  0. 

AUXILIARY  FUEL  CONSUMPTION  0. 

DIR.  PROC.  GAS  CONSUMP.,  1000  CF  0. 

CHILLER  OPERATING  HOURS 

CHILLER  1  3672 

CHILLER  2  2215 

CHILLER  3  810 

CHILLER  4  419 

CHILLER  5  84 

BOILER  OPERATING  HOURS 

BOILER  1  3624 

BOILER  2  3624 

BOILER  3  3443 

BOILER  4  2445 

BOILER  5  1720 

BOILER  6  910 

RECOVERABLE  HEAT  USED,  MBTU  0. 

RECOVERABLE  HEAT  UNUSED,  MBTU  0. 


PAGE  NO. 


**  TOTAL  ** 


Total  additional  annual  energy  use  due  to  operating  chillers  3,  4,  and  5 
more  than  necessary:  519,104  kWh/yr 

Total  electrical  consumption:  2,743,132  kWh/yr 
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PC-CUBE  VERSION  2.0.3 


PAGE  NO.  24 


CENTRAL  PLANT  5900 

SYSTEM  Cl  NORMAL  HEATING  AND  COOLING  LOADS 


FUEL  AND  POWER  CONSUMPTION  SYSTEM  Cl 

TOTAL  GAS  CONSUMP. ,  1000  CU  FT  172256. 

PEAK  DAY  GAS  CONSUME.,  1000  CU  FT  1663. 

ELECTRICAL  CONSUMPTION,  KWH  2224028. 

PEAK  KW  DEMAND  (15  MIN  BASIS)  1886. 

PURCHASED  ELECTRIC  POWER 

ON-PEAK  CONSUMPTION  KWH  2224028. 

ON-PEAK  KW  DEMAND  (15  MIN  BASIS)  1886. 

MID-PEAK  CONSUMPTION  KWH  0. 

MID-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

OFF-PEAK  CONSUI4PTION  KWH  0. 

OFF-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

GENERATED  ELECTRICAL  POWER  KWH  0. 

SOLD  ELECTRICAL  POWER  KWH  0. 

AUXILIARY  FUEL  CONSUMPTION  0. 


**  TOTAL  ** 


DIR.  PROC.  GAS  CONSUMP., 

1000  CF 

0. 

CHILLER  OPERATING 

HOURS 

CHILLER 

1 

3672 

CHILLER 

2 

2215 

CHILLER 

3 

810 

CHILLER 

4 

419 

CHILLER 

5 

84 

BOILER  OPERATING  HOURS 

BOILER 

1 

3624 

BOILER 

2 

3624 

BOILER 

3 

3443 

BOILER 

4 

2445 

BOILER 

5 

1720 

BOILER 

6 

910 

RECOVERABLE  HEAT  USED,  MBTU 

0. 

RECOVERABLE  HEAT  UNUSED, 

MBTU 

0. 

D-5900-3 


ECO-1,  INSTRUMENTATION  FOR  CHILLER  PLANT 
(TYPICAL) 


CWP-1  / 


FROM  BLDGs. 


FLOW  METER 

[Yj  TEMPERATURE  SENSORS 


[C-ECO-l.DWG] 


D-5900-4 


LIFE  CYCLE  COST  ANALYSIS  SUMMARY  STUDY:  C5900ECO 

ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP)  LCCID  1.035 

INSTALLATION  &  LOCATION:  FT.  SILL,  OKLAHOMA  REGION  NOS.  6  CENSUS:  3 

PROJECT  NO.  &  TITLE:  3002-000  ENERGY  SURVEY  OF  ARMY  BOILER/CHILLERS 
FISCAL  YEAR  1991  DISCRETE  PORTION  NAME:  CHILLER  INSTRUMENTATION 
ANALYSIS  DATE;  04-12-91  ECONOMIC  LIFE  15  YEARS  PREPARED  BY:  KC 

1 .  INVESTMENT 

A.  CONSTRUCTION  COST 

B.  SIOH 

C.  DESIGN  COST 

D.  ENERGY  CREDIT  CALC  ( lA+lB+lC ) X. 9 

E.  SALVAGE  VALUE  COST 

F.  TOTAL  INVESTMENT  (ID-IE) 

2.  ENERGY  SAVINGS  (+)  /  COST  (-) 

ANALYSIS  DATE  ANNUAL  SAVINGS,  UNIT  COST  &  DISCOUNTED  SAVINGS 


UNIT  COST 

SAVINGS 

ANNUAL  $ 

DISCOUNT 

DISCOUNTED 

FUEL 

$/MBTU(l) 

MBTU/yR(2) 

SAVINGS ( 3 ) 

FACTOR(4) 

SAVINGS ( 5 ) 

A. 

ELECT 

$  4.01 

1772, 

$ 

7113. 

8.78 

62450. 

B. 

DIST 

$  .00 

0. 

$ 

0. 

12.34 

0. 

C. 

RESID 

$  .00 

0. 

$ 

0. 

12.05 

0. 

D, 

NAT  G 

$  2.92 

0. 

$ 

0. 

12.48 

0. 

E. 

COAL 

$  .00 

0, 

$ 

0. 

10.01 

0. 

F. 

TOTAL 

1772. 

$ 

7113. 

$  62450. 

3,  NON 

ENERGY 

SAVINGS (+)  / 

COST(-) 

A. 

ANNUAL 

RECURRING  (+/ 

$  -319. 

(1)  DISCOUNT  FACTOR 

(TABLE  A) 

9.11 

(2)  DISCOUNTED  SAVING/COST  (3A  X 

3A1) 

$  -2906. 

C.  TOTAL  NON  ENERGY  DISCOUNTED  SAVINGS(+)  /COST(-)  (3A2+3Bd4)  $  -2906. 


D.  PROJECT  NON  ENERGY  QUALIFICATION  TEST 

(1)  25%  MAX  NON  ENERGY  CALC  (2F5  X  .33)  $  20609. 

A  IF  3D1  IS  =  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  =  ( 2F5+3D1 ) /IF) =  _ 

C  IF  3D1B  IS  =  >  1  GO  TO  ITEM  4 

D  IF  3D1B  IS  <  1  PROJECT  DOES  NOT  QUALIFY 

4.  FIRST  YEAR  DOLLAR  SAVINGS  2F3+3A+ ( 3B1D/ (YEARS  ECONOMIC  LIFE))  $  6794. 

5.  TOTAL  NET  DISCOUNTED  SAVINGS  (2F5+3C)  $  59544. 

6.  DISCOUNTED  SAVINGS  RATIO  (SIR)=(5  /  1F)=  11.14 

(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 

7.  SIMPLE  PAYBACK  PERIOD  (ESTIMATED)  SPB=lF/4  .79 


$  5327. 

$  293. 

$  320. 

$  5346. 

-$  0. 

$  5346. 


D-5900-6 


ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 
FT.  SILL,  OKLAHOMA 

CENTRAL  PLANT:  5900 

ENERGY  CONSERVATION  OPPORTUNITY:  ECO-  2 

SYSTEM  MODIFICATION:  CHILLER  OPTIMIZATION,  ADD  INSTRUMENTATION 
SYSTEMS  TO  MODIFY:  CHILLER  1 , 2,  3,  4,  AND  5 


CALCULATION  DESCRIPTION: 

Two  PC-CUBE  program  computer  runs  are  compared  to  determine  the  energy  savings  for 
ECO-2,  install  instrumentation  connected  to  EMCS  for  chiller  optimization. 

The  first  computer  run  (Baseline)  is  a  simulation  of  the  existing  structure,  equipment,  and 
systems,  and  how  they  are  presently  operated.  The  second  computer  run  (ECO)  is  also  a 
simulation  of  the  existing  building  with  modifications  implemented  in  the  systems,  equipment, 
or  the  operation.  The  difference  in  the  totals  from  the  two  computer  runs  represents  the  savings. 


ANNUAL  UTILITY  SAVINGS 


PC  CUBE  RUN 

Electric 

Nat.  Gas 
(MMBtu) 

Total  Energy 
(MMBtu) 

Demand(kW) 

Energv(kWh) 

Baseline 

1,886 

2,743,132 

— 

9,362 

ECO 

1,877 

2,203,702 

— 

7,521 

Savings  (Baseline -ECO) 

9 

539.430 

0 

1.841 

NOTE:  The  savings  for  this  ECO  did  not  consider  any  interrelated  savings  with  other 

ECOs  identified  as  economicaliy  feasible. 


ENERGY  COST  SAVINGS: 


Electricity: 

1841  MMBtuA'r 

X 

$4.0141  /MMBtu  = 

$7,390  per  year 

Nat.  Gas: 

0  MMStum 

X 

$2.92 /MMBtu  = 

$0  per  year 

Total  Energy  Cost  Savings: 

$7,390 

+ 

$0 

$7,390  per  year 

NON-ENERGY  SAVINGS  (+).  COST  (-): 

Demand: 

9  kW/month 

X 

$1.787/kW  X 

12  months/year 

=  (+) 

$193 

per  year 

Maintenance:  =  (-) 

$1,188 

per  year 

Total: 


$193 


$1,188 


($995)per  year 


tECO-SHT.WK31 
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PC-CUBE  VERSION  2.0.3 


PAGE  NO 


24 


CENTRAL  PLANT  5900  BASELINE 

SYSTEM  Cl  NORMAL  HEATING  AND  COOLING  LOADS 


**  TOTAL  ** 


FUEL  AND  POWER  CONSUMPTION  SYSTEM  Cl 

TOTAL  GAS  CONSUMP. ,  1000  CU  FT  172256. 

PEAK  DAY  GAS  CONSUMP.,  1000  CU  FT  1663. 

ELECTOICAL  CONSUMPTION,  KWH  2224028, 

PEAK  KW  DEMAND  (15  MIN  BASIS)  1886. 

PURCHASED  ELECTRIC  PCWER 

ON-PEAK  CONSUMPTION  KWH  2224028. 

ON-PEAK  KW  DEMAND  (15  MIN  BASIS)  1886. 

MID-PEAK  CONSUMPTION  KWH  0. 

MID-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

OFF-PEAK  CONSUMPTION  KWH  0. 

OFF-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

GENERATED  ELECTRICAL  POWER  KWH  0. 

SOLD  ELECTRICAL  POWER  KWH  0. 

AUXILIARY  FUEL  CONSUMPTION  0. 

DIR.  PROC.  GAS  CONSUMP.,  1000  CF  0. 

CHILLER  OPERATING  HOURS 

CHILLER  1  3672 

CHILLER  2  2215 

CHILLER  3  810 

CHILLER  4  419 

CHILLER  5  84 

BOILER  OPERATING  HOURS 

BOILER  1  3624 

BOILER  2  3624 

BOILER  3  3443 

BOILER  4  2445 

BOILER  5  1720 

BOILER  6  910 

RECOVERABLE  HEAT  USED,  MBTU  0. 

RECOVERABLE  HEAT  UNUSED,  MBTU  0. 


Total  additional  annual  energy  use  due  to  operating  chillers  3,  4,  and  5 
more  than  necessary:  519,104  kWh/yr 

Total  electrical  consumption:  2,743,132  kWh/yr 


D-5900-8 


PC'CUBE  VERSION  2.0.3 

CENTRAL  PLANT  5900  CHILLER  ECO-2 

SYSTEM  Cl  NORMAL  HEATING  AND  COOLING  LOADS 


FUEL  AND  POWER  CONSUMPTION  SYSTEM  Cl 

TOTAL  GAS  CONSUME.,  1000  CU  FT  172256. 

PEAK  DAY  GAS  CONSUMP.,  1000  CU  FT  1663. 

ELECTRICAL  CONSUMPTION,  KWH  2203702. 

PEAK  KW  DEMAND  (15  MIN  BASIS)  1877. 

PURCHASED  ELECTRIC  POWER 

ON-PEAK  CONSUMPTION  KWH  2203702. 

ON-PEAK  KW  DEMAND  (15  MIN  BASIS)  1877. 

MID-PEAK  CONSUMPTION  KWH  0. 

MID-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

OFF-PEAK  CONSUMPTION  KWH  0. 

OFF-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

GENERATED  ELECTRICAL  POWER  KWH  0. 

SOLD  ELECTRICAL  POWER  KWH  0. 

AUXILIARY  FUEL  CONSUMPTION  0. 

DIR.  PROC.  GAS  CONSUMP.,  1000  CF  0. 

CHILLER  OPERATING  HOURS 

CHILLER  1  3672 

CHILLER  2  2782 

CHILLER  3  973 

CHILLER  4  482 

CHILLER  5  101 

BOILER  OPERATING  HOURS 

BOILER  1  3624 

BOILER  2  3624 

BOILER  3  3443 

BOILER  4  2445 

BOILER  5  1720 

BOILER  6  910 

RECOVERABLE  HEAT  USED,  MBTU  0. 

RECOVERABLE  HEAT  UNUSED,  MBTU  0. 


PAGE  NO. 


**  TOTAL  ** 


12 


D-5900-9 


cn 

cn  os 

Ljui  O 
CH  »— 
Q-  C-5 


I-lJ 

-  CO 


Z  I  OS 

LkJ  «<  UJ 

OS  Z  — I 

Uul  C3  — I 

L*-.  -  O 

Lk-  CO  OS 


z  o 

!—-<<-> 

LU  UiJ 

OS  sn  OS 

CO  =0 

36  H- 

IxJ  O  -< 

_ I  OS 

I  Cij 

3:  or  Q- 

os  <3  3 


_ 

— 

» 

OS 

UJ 

os 

A 

so 

a. 

LU 

LjJ 

LU 

3 

O- 

3 

0: 

so 

-< 

-< 

-«c 

LU 

CO 

I - 

1 — 

OS 

OS 

CO 

CO 

-< 

.w. 

OS 

os 

— 

s^ 

2S 

oc 

36 

-< 

— 

-< 

OS 

<< 

— 

SO 

OQ 

-cC 

CO 

LU 

-< 

_J 

LU 

OS 

OS 

U-l 

CO 

>- 

2: 

CSO 

ro 

SO 

z: 

0 

0 

_ 1 

ZD 

—1 

OS 

CO 

OQ 

oo 

— 

os 

CO 

CO 

_ 1 

-«*: 

Oi. 

=3 

CO 

UiJ 

CO 

zo 

:z 

_ 

m 

cu 

^— 

1 — 

X 

1 — 

>- 

1 — 

h— 

t_LJ 

LU 

=c 

X 

zo 

UJ 

ro 

_» 

LU 

OS 

ro 

LU 

00 

CO 

CJ> 

LJ.J 

CO 

OS 

CO 

3 

3= 

so 

cz) 

OS 

-<  3 
OS  cz)  r=> 


Ol^UO^OS^COOOSu-iSOS 


-< 

zc 

3 

zc 

— J 

0 

0 

CD 

CO 

OS 

zss 

►— 

h“ 

CO 

H-» 

zsz 

0 

-< 

2: 

0 

— 

0 

CO 

►— 

CO 

h— 

— 

— 

C-^ 

CO 

1 — 

so 

A 

-< 

CJ> 

‘ZC 

zc 

OS 

CO 

— 

— 

..... 

sas 

LU 

_ 

0 

so 

ss 

>- 

LU 

0 

szs 

OS 

3 

— 

zo 

3 

CO 

LU 

CO 

CO 

cs 

zs: 

3B 

3 

CO 

-< 

0 

0 

3 

Ckj 

i 

CJ> 

.-J 

ZO 

OS 

-*s 

LU 

Lk. 

Lk. 

3 

0. 

CO 

ZE 

z 

z 

-< 

0 

LkJ 

CO 

CO 

.. 

CO 

sn 

OS 

3S 

1 — 

X 

OS 

LU 

UJ 

0 

-< 

X 

-< 

^  ' 

OS 

LU 

.. 

CO 

CO 

'-c 

3 

3 

0 

1 — 

3 

CO 

.... 

-< 

-< 

to 

• 

**• 

CO 

00 

Lk. 

to 

OS 

CO 

CO 

LU 

OS 

.. 

.. 

— 

.... 

CO 

OS 

UJ 

LU 

so 

CO 

CO 

CO 

O- 

CO 

H- 

zs 

LU 

X 

>- 

CO 

LU 

zc 

OS 

.u 

-mJ 

zo 

OS 

... 

-< 

LU 

zs 

z 

z 

-< 

... 

OS 

a. 

OS 

0 

-< 

-< 

LU 

0 

zo 

— 

CO 

3 

...J 

►— 

z 

CO 

CO 

cu 

..J 

CO 

-< 

-< 

CO 

-< 

u. 

OS 

0 

1 

OS 

..J 

.— 

CO 

CO 

Lk. 

LU 

OS 

LU 

CO 

u- 

1 — 

OS 

0. 

h— 

— 

LU 

U.J 

1 

u. 

zz 

-< 

3 

z 

CO 

3 

3 

2S 

._ 

CO 

H— 

Lki 

LU 

0 

.u 

.u 

CO 

so 

0 

CO 

> 

CL, 

u. 

u. 

SHBBElHaSEIIllEBHEIS^Il 


D-5900-10 


D-5900-11 


DA  FOR! 


LIFE  CYCLE  COST  ANALYSIS  SUMMARY  STUDY:  C5900ECO 

ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP)  LCCID  1.035 

INSTALLATION  &  LOCATION:  FT.  SILL,  OKLAHOMA  REGION  NOS.  6  CENSUS:  3 
PROJECT  NO.  &  TITLE:  3002-000  ENERGY  SURVEY  OF  ARMY  BOILER/ CHILLERS 
FISCAL  YEAR  1991  DISCRETE  PORTION  NAME:  CHILLER  OPTIMIZATION 
ANALYSIS  DATE:  04-12-91  ECONOMIC  LIFE  15  YEARS  PREPARED  BY:  KC 


1 .  INVESTMENT 

A.  CONSTRUCTION  COST  $ 

B.  SIOH  $ 

C.  DESIGN  COST  $ 

D.  ENERGY  CREDIT  CALC  ( lA+lB+lC ) X. 9  $ 

E.  SALVAGE  VALUE  COST  -$ 

F.  TOTAL  INVESTMENT  (ID- IE)  $ 


2.  ENERGY  SAVINGS  (+)  /  COST  (-) 

ANALYSIS  DATE  ANNUAL  SAVINGS,  UNIT  COST  &  DISCOUNTED  SAVINGS 


19798. 

1089. 

1188. 

19868. 

0. 

19868. 


UNIT  COST 

SAVINGS 

ANNUAL  $ 

DISCOUNT 

DISCOUNTED 

FUEL 

$/MBTU(l) 

MBTU/YR(2) 

SAVINGS ( 3 ) 

FACTOR{4) 

SAVINGS ( 5 ) 

A. 

ELECT 

$  4.01 

1857. 

$ 

7454. 

8.78 

65446. 

B. 

DIST 

$  .00 

0. 

$ 

0. 

12.34 

0. 

C. 

RES  ID 

$  .00 

0. 

$ 

0. 

12.05 

0. 

D. 

NAT  G 

$  2.92 

0. 

$ 

0. 

12.48 

0. 

E. 

COAL 

$  .00 

0. 

$ 

0. 

10.01 

0. 

F, 

TOTAL 

1857. 

$ 

7454. 

$  65446. 

NON 

ENERGY 

SAVINGS(+)  / 

COST(-) 

A. 

ANNUAL 

RECURRING  (+/ 

$  -995. 

(1)  DISCOUNT  FACTOR 

(TABLE  A) 

9.11 

(2)  DISCOUNTED  SAVING/COST  ( 3A  X 

3A1) 

$  -9064. 

C. 

TOTAL  NON  ENERGY  DISCOUNTED  SAVINGS (+) 

/COST ( “ ) 

(3A2+3Bd4) 

$  “9064. 

D.  PROJECT  NON  ENERGY  QUALIFICATION  TEST 

(1)  25%  MAX  NON  ENERGY  CALC  (2F5  X  .33)  $  21597. 

A  IF  3D1  IS  =  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  =  (2F5+3D1)/1F)= 

C  IF  3D1B  IS  =  >  1  GO  TO  ITEM  4 

D  IF  3D IB  IS  <  1  PROJECT  DOES  NOT  QUALIFY 

4.  FIRST  YEAR  DOLLAR  SAVINGS  2F3+3A+(3BlD/( YEARS  ECONOMIC  LIFE))  $  6459. 

5.  TOTAL  NET  DISCOUNTED  SAVINGS  (2F5+3C)  $  56382. 

6.  DISCOUNTED  SAVINGS  RATIO  (SIR)=(5  /  1F)=  2.84 

(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 

7.  SIMPLE  PAYBACK  PERIOD  (ESTIMATED)  SPB=lF/4  3.08 
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ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 
FT.  SILL,  OKLAHOMA 

CENTRAL  PLANT:  5900 

ENERGY  CONSERVATION  OPPORTUNITY:  ECO-  3 

SYSTEM  MODIFICATION:  MINOR  RENOVATION  &  ANNUAL  MAINTENANCE 
SYSTEMS  TO  MODIFY:  CHILLER  1 , 2,  3,  4,  AND  5 


CALCULATION  DESCRIPTION: 

Two  PC-CUBE  program  computer  runs  are  compared  to  determine  the  energy  savings  for 
ECO -3,  renovate  or  replace  existing  chillers. 

The  first  computer  run  (Baseline)  is  a  simulation  of  the  existing  structure,  equipment,  and 
systems,  and  how  they  are  presently  operated.  The  second  computer  run  (ECO)*  is  also  a 
simulation  of  the  existing  building  with  modifications  implemented  in  the  systems,  equipment, 
or  the  operation.  The  difference  in  the  totals  from  the  two  computer  runs  represents  the  savings. 


ANNUAL  UTILITY  SAVINGS 


PC  CUBE  RUN 

E 

lectric 

Nat.  Gas 
(MMBtu) 

Total  Energy 
fMMBtu) 

DemandfkWl 

Energy(kWh) 

Baseline 

1,886 

2,743,000 

— 

9,362 

ECO 

1,732 

2,025,000 

— 

6,911 

Savinas  (Baseline-ECO) 

154 

718.000 

0 

2.451 

NOTE:  The  savings  for  this  ECO  did  not  consider  any  interrelated  savings  with  other 

ECOs  identified  as  economicaiiy  feasible. 


ENERGY  COST  SAVINGS: 


Electricity: 

2451  MMBtuA'r  X 

$4.0141  /MMBtu  = 

$9,837  per  year 

Nat.  Gas: 

0  MMBtu/Yr  X 

$2.92/MMBtu  = 

$0  per  year 

Total  Energy  Cost  Savings: 

$9,837  + 

$0 

$9,837  per  year 

NON-ENERGY  SAVINGS  (+),  COST  (-): 

Demand: 

154  kW/month  X 

$1 .787  /kW  X 

12  months/year 

=  (+) 

$3,302  per  year 

Maintenance: 

=  (-) 

$3,000  per  year 

Total: 

$3,302 

— 

$3,000 

$302  per  year 
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PC-CUBE  VERSION  2.0.3 

CENTRAL  PLANT  5900  BASELINE 

SYSTEM  Cl  NORMAL  HEATING  AND  COOLING  LOADS 


FUEL  AND  POWER  CONSUMPTION  SYSTEM  Cl 

TOTAL  GAS  CONSUMP.,  1000  CU  FT  172256. 

PEAK  DAY  GAS  CONSUMP.,  1000  CU  FT  1663. 

ELECTRICAL  CONSUMPTION,  KWH  2224028. 

PEAK  KW  DEMAND  (15  MIN  BASIS)  1886. 

PURCHASED  ELECTRIC  POWER 

ON-PEAK  CONSUMPTION  KWH  2224028. 

ON-PEAK  KW  DEMAND  (15  MIN  BASIS)  1886. 

MID-PEAK  CONSUMPTION  KWH  0. 

MID-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

OFF-PEAK  CONSUMPTION  KWH  0. 

OFF-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

GENERATED  ELECTRICAL  POWER  KWH  0. 

SOLD  ELECTRICAL  POWER  KWH  0. 

AUXILIARY  FUEL  CONSUMPTION  0. 

DIR.  PRDC.  GAS  CONSUMP.,  1000  CF  0. 

CHILLER  OPERATING  HOURS 

CHILLER  1  3672 

CHILLER  2  2215 

CHILLER  3  810 

CHILLER  4  419 

CHILLER  5  84 

BOILER  OPERATING  HOURS 

BOILER  1  3624 

BOILER  2  3624 

BOILER  3  3443 

BOILER  4  2445 

BOILER  5  1720 

BOILER  6  910 

RECOVERABLE  HEAT  USED,  MBTU  0. 

RECOVERABLE  HEAT  UNUSED,  MBTU  0. 


PAGE  NO. 


**  TOTAL  ** 


Total  additional  annual  energy  use  due  to  operating  chillers  3,  4,  and  5 
more  than  necessary:  519,104  kWh/yr 

Total  electrical  consumption:  2,743,132  kWh/yr 
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PC-CUBE  VERSION  2.0.3 

CENTRAL  PLANT  5900  CHILLER  ECO -3 

SYSTEM  Cl  NORMAL  HEATING  AND  COOLING  LOADS 


FUEL  AND  POWER  CONSUMPTION  SYSTEM  Cl 

TOTAL  GAS  CONSUMP. ,  1000  CU  FT  172256. 

PEAK  DAY  GAS  CONSUME.,  1000  CU  FT  1663. 

ELECTRICAL  CONSUMPTION,  KWH  2025466. 

PEAK  KW  DEMAND  (15  MIN  BASIS)  1732. 

PURCHASED  ELECTRIC  POWER 

ON -PEAK  CONSUMPTION  KWH  2025466. 

ON-PEAK  KW  DEMAND  (15  MIN  BASIS)  1732. 

MID-PEAK  CONSUMPTION  KWH  0. 

MID-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

OFF-PEAK  CONSUMPTION  KWH  0. 

OFF-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

GENERATED  ELECTRICAL  POWER  KWH  0. 

SOLD  ELECTRICAL  POWER  KWH  0. 

AUXILIARY  FUEL  CONSUMPTION  0. 

DIR.  PROC.  GAS  CONSUMP.,  1000  CF  0. 

CHILLER  OPERATING  HOURS 

CHILLER  1  3672 

CHILLER  2  1975 

CHILLER  3  765 

CHILLER  4  143 

CHILLER  5  63 

BOILER  OPERATING  HOURS 

BOILER  1  3624 

BOILER  2  3624 

BOILER  3  3443 

BOILER  4  2445 

BOILER  5  1720 

BOILER  6  910 

RECOVERABLE  HEAT  USED,  MBTU  0. 

RECOVERABLE  HEAT  UNUSED,  MBTU  0. 


PAGE  NO. 


**  TOTAL  ** 
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DATE  PREPARED 

12-Apr-91 

SHT  OF 

CHECKED  BY  CEL 

SHIPPING 

Total 

Wt 

Unit 

Wt 

EFFECTIVE  PRICING 

DATE  APR.  91 

DRAWING  NO. 

ESTIMATOR  KC 

TOTAL 

$7,937 

$1 ,984 

$19,675 

$1,414 

$31,010 

$4,962 

$3,101 

$39,072 

$7,814 

$46,887 

$2,579 

lO 

(0 

0) 

It 

in 

MATERIAL 

Cost 

19675 

$19,675 

$3,148 

$1,968 

O) 

Tf 

C\J 

CO 

in 

o> 

$29,749 

$1,636 

U) 

CO 

CO 

CO 

in 

INVITATION  NO./CONTRACT  NO. 

DACA  59 -90 -C -0087 

Unit 

Price 

19675 

CODEC 

EQUIPMENT 

Cost 

550 

$550 

CO 

00 

$55 

669$ 

$139 

$832 

<0 

in 

s 

N 

CO 

in 

X  1  CODE  b1 

Unit 

Price 

550 

< 

UJ 

o 

O 

o 

OTHER 

LABOR 

Cost 

7937 

1984 

864 

$10,765 

$1,726 

00 

o 

$13,589 

$2,718 

$16,306 

$897 

CO 

o 

CM 

Unit 

Price 

1984 

1984 

24 

COST  ESTIMATE  ANALYSIS 

PROJECT  ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER 

LOCATION  FT.  SILL,  OKLAHOMA 

Total 

Hrs 

36.0 

i 

! 

MH/ 

Unit 

o 

<b 

CO 

Quantity 

Unit 

Meas 

LS 

LS 

LS 

LS 

TOTAL  THIS  SHEET 

No.  Of 

Units 

16% 

10% 

20% 

5.5% 

CHILLER  ECO-3  BLDG.  5900 

HIGH  EFFICIENCY  CHILLERS 

TASK  DESCRIPTION 

CHILLER  MAINTENANCE 

400  TON  CHILLER  MINOR  MAINTENANCE 

450  TON  CHILLER  MINOR  MAINTENANCE 

NEW  COOLING  TOWER 

REMOVE  EXISTING  COOLING  TOWER 

SUBTOTAL 

OVERHEAD.  BOND 

PROFIT 

COST  SUB-TOTAL 

CONTINGENCY 

SUBTOTAL 

S&A 
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DA  FORM  5418-R.  APR  85 


LIFE  CYCLE  COST  ANALYSIS  SUMMARY  STUDY:  C5900EC3 

ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP)  LCCID  1.035 

INSTALLATION  &  LOCATION:  FT.  SILL,  OKLAHOMA  REGION  NOS.  6  CENSUS:  3 

PROJECT  NO.  &  TITLE:  3002-000  ENERGY  SURVEY  OF  ARMY  BOILER/CHILLERS 
FISCAL  YEAR  1991  DISCRETE  PORTION  NAME:  CHILLER  MAINTENANCE 
ANALYSIS  DATE:  04-12-91  ECONOMIC  LIFE  15  YEARS  PREPARED  BY:  KC 

1 .  INVESTMENT 


A.  CONSTRUCTION  COST 

$ 

44749. 

B.  SIOH 

$ 

2462. 

C.  DESIGN  ' 

COST 

$ 

2685. 

D.  ENERGY  ' 

CREDIT  CALC  ( 

1A+1B+1C)X.9 

$ 

44906. 

E.  SALVAGE 

VALUE  COST 

-$ 

0. 

F.  TOTAL  INVESTMENT  (ID 

-IE) 

$ 

44906. 

ENERGY  SAVINGS  (+)  /  COST  (-) 

ANALYSIS  DATE  ANNUAL  SAVINGS,  UNIT  COST  & 

DISCOUNTED  SAVINGS 

UNIT  COST 

SAVINGS 

ANNUAL  $ 

DISCOUNT 

DISCOUNTED 

FUEL 

$/MBTU(l) 

MBTU/YR(2) 

SAVINGS ( 3 ) 

FACTOR(4) 

SAVINGS(5) 

A.  ELECT 

$  4.01 

679. 

$ 

2726. 

8.78 

23937. 

B.  DIST 

$  .00 

0. 

$ 

0. 

12.34 

0. 

C.  RESID 

$  .00 

0. 

$ 

0. 

12.05 

0. 

D .  NAT  G 

$  2.92 

0. 

$ 

0. 

12.48 

0. 

E.  COAL 

$  .00 

0. 

$ 

0. 

10.01 

0. 

F.  TOTAL 

679, 

$ 

2726. 

$ 

23937. 

NON  ENERGY 

SAVINGS (+)  / 

COST ( - ) 

A.  ANNUAL 

RECURRING  (+/-) 

$ 

302. 

(1)  DISCOUNT  FACTOR 

(TABLE  A) 

9.11 

(2)  DISCOUNTED  SAVING/COST  (3A  X 

3A1) 

$ 

2751. 

C.  TOTAL  NON  ENERGY  DISCOUNTED  SAVINGS (+) 

/COST(“) 

(3A2+3Bd4) 

$ 

2751. 

D.  PROJECT  NON  ENERGY 

QUALIFICATION 

TEST 

(1)  25%  MAX  NON  ENERGY  CALC  (2F5  X  .33)  $  7899. 

A  IF  3D1  IS  =  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  =  (2F5+3D1)/1F)=  _ 

C  IF  3D1B  IS  =  >  1  GO  TO  ITEM  4 

D  IF  3D1B  IS  <  1  PROJECT  DOES  NOT  QUALIFY 


4. 

FIRST  YEAR  DOLLAR  SAVINGS  2F3+3A+( 

[3BlD/( YEARS  ECONOMIC 

LIFE))  $ 

3028. 

5. 

TOTAL  NET  DISCOUNTED  SAVINGS  (2F5+3C) 

$ 

26688. 

6. 

DISCOUNTED  SAVINGS  RATIO 

(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 

(SIR)=(5  /  1F)= 

.59 

7. 

SIMPLE  PAYBACK  PERIOD  (ESTIMATED) 

SPB=lF/4 

14.83 
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ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 
FT.  SILL.  OKLAHOMA 


CENTRAL  PLANT:  5900 

ENERGY  CONSERVATION  OPPORTUNITY:  ECO-  4 

SYSTEM  MODIFICATION:  INSTALL  ICE  STORAGE  COOLING  SYSTEM 
SYSTEMS  TO  MODIFY: 


CALCULATION  DESCRIPTION: 

Hand  calculation  sheet  was  prepared  to  determine  the  energy  savings  for 
ECO-4,  install  ice  storage  system  for  HVAC  cooling. 

It  was  estimated  that  the  peak  electrical  demand  can  be  saved  by  installing  ice  storage 
cooling  system. 


ANNUAL  UTILITY  SAVINGS 


NOTE:  The  savings  for  this  ECO  did  not  consider  any  interrelated  savings  with  other 

ECOs  identified  as  economically  feasible. 


ENERGY  COST  SAVINGS: 

Electricity:  0  MMBtu/Yr  X  $4.0141 /MMBtu  =  $0  per  year 

Nat.  Gas:  0  MMBtuA'r  X  $2.92 /MMBtu  =  $0  per  year 

Total  Energy  Cost  Savings:  $0  +  $0  =  $0  per  year 


NON-ENERGY  SAVINGS  (+).  COST  (-): 
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A  new  application  of  an  old  idea  that  can 
cut  air  conditioning  energy  costs  in  half. 


Air  conditioning  during  summer  daytime  hours 
is  the  largest  single  contributor  to  utility 
“peak  demand"  charges.  After  noon,  as  more  air 
conditioners  are  needed  to  maintain  comfortable 
temperatures,  the  increased  demand  for  electricity 
adds  to  that  already  created  by  lighting,  operating 
equipment,  computers  and  thousands  of  other 
uses.  This  requires  the  utility  to  bring  additional, 
more  costly  generating  sources  on  line  to  handle 
its  increased  demand.  Commercial  users  whose 
large  air  conditioning  loads  contribute  to  these 
added  generating  requirements  are  assessed  an 
additional  charge  based  on  their  highest  on-peak 
demand  for  electricity. 

An  Ice  Bank  Stored  Cooling  System  is  either  a 
load-shifting  or  load-leveling  method  which  will 
significantly  lower  demand  charges  during  the 
air  conditioning  season  and,  consequently, 
energy  costs.  It  uses  a  standard  packaged  chiller 
to  produce  solid  ice  at  night  during  off-peak 
periods  when  the  building’s  electrical  needs  are 
at  a  minimum.  The  ice  is  built  and  stored  in 
modular  ice  tanks  to  provide  cooling  to  help  meet 
the  building’s  air  conditioning  load  requirement 
the  following  day. 


Making  ice  at  night  and  using  its  stored  energy 
during  the  day  is  not  a  new  or  experimental  idea. 
This  concept  had  been  employed  for  years  in 
cooling  short-peak  applications  such  as  churches 
and  theatres.  However,  longer  peak  uses  were 
served  by  air-source  rooftop  and  chiller-type 
air  conditioners  which  were  less  costly  to  install. 
Now  there  is  renewed  interest  in  a  broad  use  of 
ice-making  systems  by  both  users  and  utilities 
as  the  best  way  to  offset  rising  operating  costs. 

In  fact.  Stored  Cooling  Systems  are  what  summer- 
peaking  utilities  must  have  to  avoid  the  unbearable 
costs  of  new  generating  plants. 

Ice  Banks  not  only  can  cut  operating  costs  in  half 
but  they  can  also  substantially  reduce  capital 
outlays  when  systems  are  suitably  designed  for 
new  commercial  and  industrial  buildings. 
Engineers  can  specify  half-size  chillers  operating 
24  hours  a  day  rather  than  full-size  chillers 
operating  only  10  or  12  hours  per  day.  In  retrofit 
applications,  an  Ice  Bank  Stored  Cooling  System 
can  often  provide  cooling  for  an  addition  to  a 
building  without  adding  chiller  capacity. 


Atlantic  Southern  Properties  Mays  Landing  NJ 
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How  the  LEVLOAD  System  Works 


The  LEVLOAD  Ice  Bank  Is  a  modular,  insulated  polyethylene 
tank  containing  a  spiral-wound  plastic  tube  heat  exchanger 
surrounded  with  water.  They  are  available  in  four  sizes  -  90, 
100, 190  and  570  ton-hours.  At  night  a  75  percent  water - 
25  percent  glycol  solution  from  a  standard  packaged  air 
conditioning  chiller  circulates  through  the  heat  exchanger 
and  extracts  heat  until  eventually  all  the  water  in  the  tank 
Is  frozen  solid.  The  ice  is  built  uniformly  throughout  the  tank 
by  the  patented  temperature-averaging  effect  of  closely 
spaced  counterflow  heat  exchanger  tubes,  Figure  5.  Water 
does  not  become  surrounded  by  ice  during  the  freezing 
process  and  can  move  freely  as  ice  forms,  preventing 
stress  or  damage  to  the  tank. 


Typical  flow  diagrams  for  a  Partial  Storage  System  are 
shown  in  Figures  6  and  7. 

At  night  the  water-glycol  solution  circulates  through  the 
chiller  and  the  Ice  Bank  heat  exchanger,  bypassing  the 
air  handler  coil.  The  fluid  is  at  26F  and  freezes  the  water 
surrounding  the  heat  exchanger. 

During  the  day,  the  solution  is  cooled  by  the  Ice  Bank  from 
52F  to  34F  A  temperature  modulating  valve  set  at  44F  In  a 
bypass  loop  around  the  Ice  Bank  permits  a  sufficient  quantity 
of  52F  fluid  to  bypass  the  Ice  Bank,  mix  with  the  34F  fluid, 
and  achieve  the  desired  44F  temperature.  The  44F  fluid 
enters  the  coil,  where  it  cools  air  from  75F  to  55F.  The  fluid 
leaves  the  coil  at  60F  enters  the  chiller  and  is  cooled  to  52F 

It  should  be  noted  that,  while  making  ice  at  night,  the 
chiller  must  cool  the  water-glycot  solution  to  26F;  rather 
than  produce  44  or  45F  water  temperatures  required  for 
conventional  air  conditioning  systems.  This  has  the  effect 
of  “derating”  the  nominal  chiller  capacity  by  approximately 
30  percent.  Compressor  efficiency,  however,  is  only  slightly 
reduced  because  lower  nighttime  temperatures  result  In 
cooler  condenser  water  from  the  cooling  tower  and  help 
keep  the  unit  operating  efficiently.  Similarly,  air  cooled 
chillers  benefit  from  cooler  condenser  entering  air 
temperatures  at  night 

The  temperature  modulating  valve  in  the  bypass  loop  has 
the  added  advantage  of  providing  unlimited  capacity 
control.  During  many  mild  temperature  days  In  the  spring 
and  fall,  the  chiller  will  be  capable  of  providing  ail  the 
necessary  cooling  for  the  building  without  assistance  from 
stored  cooling.  When  the  building’s  actual  cooling  load  is 
equal  to  or  lower  than  the  chiller  capacity,  all  of  the  system 
coolant  flows  through  the  bypass  loop,  as  in  Figure  8. 
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26F 


32F 


Charge  Cycle  Rgure6 


Coil 


Automatic  Diverting  Valve 


Temperature 
Modulating  Valve 


44F  I  55-60F 

Chiller 


RgureS 


Modulating  Valve 


Coil 


55-60F 


^55F 


44F 


Automatic  Diverting  Wive 


The  glycol  recommended  for  the  solution  is  an  ethylene 
glycol-based  industrial  coolant,  such  as  Dow  Chemical 
Company’s  Dowtherm'®  SR-1  or  Union  Carbide  Corporation’s 
UCARTHERMf  which  are  specially  formulated  for  low 
viscosity  and  superior  heat  transfer  properties.  These  contain 
a  multi-component  corrosion  inhibitor  system  which  is 
effective  with  most  materials  of  construction,  including 
aluminum,  copper,  solder  and  plastics.  Unlike  automotive- 
type  anti-freeze,  they  produce  no  films  and  contain  no 
anti-leak  agents  to  interfere  with  heat  transfer  efficiency 
and  permit  use  of  standard  system  pumps,  seals  and  air 
handler  coils.  However,  because  of  the  slight  difference  in 
heat  transfer  coefficient  between  water-glycol  and  plain 
water,  coil  capacity  should  be  increased  by  approximately 
5  percent  It  is  also  important  that  the  water  and  glycol  be 
thoroughly  mixed  before  the  solution  enters  the  system. 


D-5900-20 


LIFE  CYCLE  COST  ANALYSIS  SUMMARY  STUDY:  5900EC4 

ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP)  LCCID  1.035 

INSTALLATION  &  LOCATION:  FT.  SILL,  OKLAHOMA  REGION  NOS.  6  CENSUS:  3 

PROJECT  NO.  &  TITLE:  3002-000  ENERGY  SURVEY  OF  ARMY  BOILER/ CHILLERS 
FISCAL  YEAR  1991  DISCRETE  PORTION  N7^:  ICE  STORAGE  COOLING  SYSTEM 
ANALYSIS  DATE:  04-18-91  ECONOMIC  LIFE  25  YEARS  PREPARED  BY:  KC 

1 .  INVESTMENT 

A.  CONSTRUCTION  COST 

B.  SIOH 

C.  DESIGN  COST 

D.  ENERGY  CREDIT  CALC  (1A+1B+1C)X.9 

E.  SALVAGE  VALUE  COST 

F.  TOTAL  INVESTMENT  (ID-IE) 

2.  ENERGY  SAVINGS  (+)  /  COST  (-) 

ANALYSIS  DATE  ANNUAL  SAVINGS,  UNIT  COST  &  DISCOUNTED  SAVINGS 


UNIT  COST 

SAVINGS 

ANNUAL 

$ 

DISCOUNT 

DISCOUNTED 

FUEL 

$/MBTU(l) 

MBTU/YR(2) 

SAVINGS ( 3 ) 

FACTOR(4) 

SAVINGS(5) 

A. 

ELECT 

$  4.01 

0. 

$ 

0. 

11.37 

0. 

B. 

DIST 

$  .00 

0. 

$ 

0. 

17.06 

0. 

C. 

RESID 

$  .00 

0. 

$ 

0- 

16.85 

0. 

D. 

NAT  G 

$  2.92 

0. 

$ 

0. 

17.52 

0. 

E. 

COAL 

$  .00 

0. 

$ 

0. 

13.34 

0. 

F. 

TOTAL 

0, 

$ 

0. 

$  0. 

NON 

ENERGY 

SAVINGS (+)  / 

COST(“) 

A. 

ANNUAL 

RECURRING  (+/ 

$  40529. 

(1)  DISCOUNT  FACTOR 

(TABLE  A) 

11.65 

(2)  DISCOUNTED  SAVING/ COST  (3A  X 

3A1) 

$  472163. 

C.  TOTAL  NON  ENERGY  DISCOUNTED  SAVINGS (+)  /COST{-)  (3A2+3Bd4)  $  472163. 


D.  PROJECT  NON  ENERGY  QUALIFICATION  TEST 

(1)  25%  MAX  NON  ENERGY  CALC  (2F5  X  .33)  $ 

A  IF  3D1  IS  =  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  =  (2F5+3D1)/1F) 

C  IF  3D1B  IS  =  >  1  GO  TO  ITEM  4 

D  IF  3D1B  IS  <  1  PROJECT  DOES  NOT  QUALIFY 

4.  FIRST  YEAR  DOLLAR  SAVINGS  2F3+3A+(3BlD/( YEARS  ECONOMIC  LIFE))  $  40529. 

5.  TOTAL  NET  DISCOUNTED  SAVINGS  (2F5+3C)  $  472163. 

6.  DISCOUNTED  SAVINGS  RATIO  (SIR)=(5  /  1F)=  .93 

(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 

****  Project  does  not  qualify  for  ECIP  funding;  4,5,6  for  information  only. 

7.  SIMPLE  PAYBACK  PERIOD  (ESTIMATED)  SPB=lF/4  12.48 


$  504000. 

$  27720. 

$  30240. 

$  505764. 

-$  0. 

$  505764. 
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ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 
FT.  SILL,  OKLAHOMA 


CENTRAL  PLANT:  5900 

ENERGY  CONSERVATION  OPPORTUNITY:  ECO-  5(A) 

SYSTEM  MODIFICATION:  TWO  SPEED  FANS  FOR  COOLING  TOWER 
SYSTEMS  TO  MODIFY:  COOLING  TOWER  #1 


CALCULATION  DESCRIPTION: 

Two  spread  sheets  are  compared  to  determine  the  energy  savings  for 
ECO— 5,  install  two— speed  (5A)  or  variable  speed  (5B)  motors  for  cooling  tower. 

The  spread  sheets  is  a  simulation  of  the  existing  structure,  equipment,  and 

systems,  and  how  they  are  presently  operated.  The  spread  sheets  is  also  a 

simulation  of  the  existing  building  with  modifications  implemented  in  the  systerns,  equipment, 

or  the  operation.  The  difference  in  the  totals  from  the  spread  sheets  represents  the  savings. 


ANNUAL  UTILITY  SAVINGS 


NOTE;  The  savings  for  this  ECO  did  not  consider  any  interrelated  savings  with  other 


ECOs  identified  as  economically  feasibie. 


ENERGY  COST  SAVINGS: 

Electricity: 

54  MMBtuA'r  X 

$4.0141  /MMBtu  = 

$218  per  year 

Nat.  Gas: 

0  MMBtuA^r  X 

$2.g2/MMBtu  = 

$0  per  year 

Total  Energy  Cost  Savings: 

$218  + 

$0 

$218  per  year 

NON -ENERGY  SAVINGS  (+),  COST  (-): 

Demand: 

0  kW/month  X 

$1.787/kW  X 

12  months/year 

=  (+) 

$0  per  year 

Maintenance:  =  (-) 

$0  per  year 

Total: 

$0 

$0 

$0  per  year 

[ECO-SHT.WK3] 
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Two-speed  cooling  tower  and  variable  speed  cooling  tower  calculation  description: 


1.  The  design  conditions  were  taken  from  the  original  design  documents,  including  wet 
bulb  temperatures,  condenser  water  flow,  and  condenser  supply  and  return 
temperatures. 

2.  Based  on  an  assumed  liquid  to  gas  ratio,  the  delta  enthalpy  was  calculated  for  entering 
air  versus  leaving  air  conditions.  The  final  total  enthalpy  of  the  leaving  air  was 
calculated  based  on  the  design  entering  air  enthalpy  plus  the  delta  enthalpy. 

3.  The  fan  motor  kW  is  based  on  field  measurements. 

4.  The  "WET  BULB  AVERAGES"  are  the  wet  bulb  temperatures  calculated  for  4  hour  bins, 
for  each  cooling  month,  from  ASHRAE  weather  data  for  Oklahoma  City,  Oklahoma 
(part  1). 

5.  The  "ENTHALPY  FOR  AVERAGE  WET  BULBS"  are  the  enthalpy  for  each  of  the  wet- 
bulb  (part  1.),  determined  from  look-up  tables  (part  2). 

6.  The  "COOLING  PROFILE  OF  CENTRAL  PLANTS,"  is  the  average  %  load  estimated  for 
the  chiller  plant,  for  the  time  bins  (part  3).  Note  there  is  0%  load  for  those  hours  when 
the  chiller  is  assumed  to  be  off. 

The  "PEAK  LOAD"  per  month  is  the  estimated  peak  hourly  load  (part  3,  last  column). 

7.  The  "RATIO  OF  AVERAGE  MONTHLY  ENTHALPY  TO  DESIGN  ENTHALPr  for  time 
bins  (part  4)  = 

(Total  exit  air  design  enthalpy  minus  average  monthly  enthalpy,  part  2)  /  (entering  air 
design  enthalpy) 

The  "DAYS  PER  MONTH  OPER."  is  the  total  days  per  month  the  cooling  tower 
operates  (part  4,  last  columm). 

8.  The  "%  DESIGN  LOAD"  on  tower  for  time  bins  (part  5)  = 

(%  load  on  plant,  part  3  *  monthly  peak  load,  part  3)  /  (  Highest  monthly  peak  load, 
part  3)  *  ( 1  /  ratio  of  monthly  enthalpy,  part  4) 

9.  For  a  single  speed  cooling  tower  fan  the  energy  usage  (kWh)  is  based  on  the  idea  that 
the  tower  fan  cycle  in  direct  proportion  to  the  %  design  load  on  the  tower,  (part  6)  = 

kWh  per  bin  =  (total  fan  power  kW)  *  (%  design  load,  part  5*4  hours  per  bin  *  days 
per  month) 

Total  kWh  =  sum  of  all  kWh  bins 
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10. 


For  a  two-speed  cooling  tower  fan  the  energy  usage  (kWh)  is  based  on  the  premise  that 
when  a  tower  cell  is  at  less  than  50%  of  its  design  load,  it  operates  at  half  speed.  A  fan 
running  at  half  speed  uses  14%  of  the  maximum  power  input  (part  7).  The  control 
sequence  is; 

•  0-507o  load,  fan  1,  half  speed  cycling. 

•  50-100%  load,  fan  1  full  speed  cycling. 

kWh  per  bin,  for  %  design  loads  less  than  50%  load  =  (fan  1  power  kW)  *  14%  * 
(%design  load  /  50)  *  4  hours  per  bin  *  days  per  month. 

kWh  per  bin,  for  %  design  loads  50%  to  100%  load  =  (  fan  1  power  kW  *  ((%  design 
load)/  100)  *  4  hours  per  bin  *  days  per  month  ) 

kWh  total  =  sum  of  all  kWh  bins 


11.  For  a  variable  speed  cooling  tower  fan  the  energy  usage  (kWh)  is  based  on  the  premise 
that  the  tower  fan  percent  air  volume  is  directly  proportional  to  the  percent  load  on  the 
cooling  tower;  and  the  fan  energy  is  proportational  to  the  cube  of  the  air  volume.  The 
calculations  take  into  account  multi-cell  towers  (part  8): 

kWh  per  bin,  for  0  to  1007o  load  =  (  total  fan  power  kW)  *  {{%  design  load)^  /  S0% 
efficiency  )  "^  4  hours  per  bin  *  days  per  month. 

kWh  total  =  sum  of  all  kWh  bins 
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CENTRAL  PLANT  5900  (COOLING  TOWER  1  ONLY) 

DESIGN  CONDITIONS 

-  WBT  (DB,  DEG  F) 

78 

-  WATER  FLOW  (gpm) 

1200 

-  CNWR  (DEG  F) 

95 

-  CNWS  (DEG  F) 

85 

ASSUMPTION  LIQUID  TO  GAS  RATIO 

2 

-  AIR  FLOW  (LBS/MIN) 

4980 

HEAT  REJECTION  CAPACITY  (Btu/min) 

99600 

DELTA  ENTHALPY  (Btu/lb) 

20 

DESIGN  ENTHALPY  (Btu/lb) 

41.58 

TOTAL  ENTHALPY 

61.58 

EXIT  AIR  WB  (LOOK  UP) 

93.2 

SPECIFIC  VOLUME  OF  EXIT  AIR  (LOOK  UP) 

15.1 

100%  DESIGN  CFM  @  WB 

75198 

MOTOR  DATA 

-  FAN  1  POWER  (kW) 

19.2 

-  FAN  2  POWER  (kW) 

0 

-  FAN  3  POWER  (kW) 

0 

-  FAN  4  POWER  (kW) 

0 

ASHRAE  WEATHER  DATA  -  OKLAHOMA  CITY,  OKLAHOMA 


WET- BULB  AVERAGES  ( 

'4  hour  bins) 

DESIGN 

1-4 

5-8 

9-12 

13-16 

17-20 

21  -24 

WB 

APRIL 

48.6 

47.8 

52.2 

55.6 

54.6 

51.4 

78 

MAY 

57.1 

56.6 

61.2 

63.9 

63 

59.4 

78 

JUNE 

66.8 

66.6 

69.9 

71 

70.5 

68.2 

78 

JULY 

70.8 

70.9 

74.5 

76 

74.9 

72.6 

78 

AUGUST 

66.9 

67 

71 

72 

71 

68.5 

78 

SEPTEMBER 

65.1 

64.9 

67.8 

68.9 

67.4 

65.6 

78 

OCTOBER 

51.2 

50.4 

55.1 

57.5 

55.2 

52.5 

78 
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ENTHALPY  FOR  AVERAG 

E  WET- BULBS 

{DESIGN 

1-4 

5-8 

9-12 

13-16 

17-20 

21  -24 

ENTHALPY 

APRIL 

19.64 

19.11 

21.55 

23.58 

22.98 

21.09 

41.58 

MAY 

24.53 

24.21 

27.28 

29.23 

28.57 

26.06 

41.58 

JUNE 

31.47 

31.31 

34.01 

34.95 

34.51 

32.59 

41 .58 

JULY 

34.77 

34.86 

38.14 

39.57 

38.52 

36.37 

41 .58 

AUGUST 

31 .54 

31.62 

34.95 

35.83 

34.95 

32.84 

41.58 

SEPTEMBER 

30.13 

29.98 

32.25 

33.09 

31.93 

30.52 

41.58 

OCTOBER 

20.98 

20.5^ 

23.28 

24.72 

23.^ 

21.72 

41.58 

PEAK 

r  COOLING  PROFILE  OF  C 

ENTRAL  PLANTS 

LOAD 

1-4 

5-8 

9-12 

13-16 

17-20 

21-24 

(Btuh) 

APRIL 

0 

0 

0 

0 

0 

0 

0 

MAY 

0.9 

0.9 

0.9 

0.9 

0.9 

0.9 

15953000 

JUNE 

0.9 

0.9 

0.9 

0.9 

0.9 

0.9 

19533000 

JULY 

0.9 

0.9 

0.9 

0.9 

0.9 

0.9 

19533000 

AUGUST 

0.9 

0.9 

0.9 

0.9 

0.9 

0.9 

19533000 

SEPTEMBER 

0.9 

0.9 

0.9 

0.9 

0.9 

0.9 

19533000 

OCTOBER 

0 

0 

0 

0 

0 

0 

0 

RATIO  OF  MONTHLY  EN1 

"HALPY  TO  DESIGN  ENTh 

HALPY 

DAYS  PER 
MONTH  OPER. 

1-4 

5-8 

9-12 

13-16 

17-20 

21-24 

APRIL 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

30 

MAY 

1.9 

1.9 

1.7 

1.6 

1.7 

1.8 

31 

JUNE 

1.5 

1.5 

1.4 

1.3 

1.4 

1.4 

30 

JULY 

1.3 

1.3 

1.2 

1.1 

1.2 

1.3 

31 

AUGUST 

1.5 

1^ 

1.3 

1.3 

1.3 

1.4 

31 

SEPTEMBER 

1.6 

1.6 

1.5 

1.4 

1.5 

1.6 

30 

OCTOBER 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

31 
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%  DESIGN  LOAD  1 

DAYS  PER 
WONTHOPER. 

1-4 

Ol 

1 

00 

9-12 

13-16 

17-20 

21  -24 

APRIL 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

30 

MAY 

39.7 

39.3 

42.9 

45.4 

44.5 

41,4 

31 

JUNE 

59.8 

59.5 

65.3 

67.6 

66.5 

62.1 

30 

JULY 

67.1 

67.4 

76.8 

81.8 

78.1 

71.4 

31 

AUGUST 

59.9 

60.1 

67.6 

69.9 

67.6 

62.6 

31 

SEPTEMBER 

57.2 

57.0 

61.4 

63.2 

60.7 

58.0 

30 

OCTOBER 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

31 

SINGLE  SPEI 

ED  CONTROL  (kWh) 

TOTAL 

(kWh) 

1-4 

5-8 

9-12 

13-16 

17-20 

21  -24 

APRIL 

0 

0 

0 

0 

0 

0 

MAY 

945 

937 

1020 

1082 

1060 

985 

JUNE 

1377 

1370 

1504 

1557 

1532 

1431 

JULY 

1598 

1604 

1828 

1947 

1858 

1700 

AUGUST 

1427 

1430 

1609 

1664 

1609 

1491 

SEPTEMBER 

1319 

1312 

1414 

1456 

1399 

1335 

OCTOBER 

0 

0 

0 

0 

0 

0 

TOTAL 

6666 

6653 

7376 

7706 

7459 

6942 

42802 

TWO  SPEED  CONTROL  (kWh) 

TOTAL 

(kWh) 

1-4 

5-8 

9-12 

13-16 

17-20 

21  -24 

APRIL 

0 

0 

0 

0 

0 

0 

MAY 

265 

262 

286 

303 

297 

276 

JUNE 

773 

759 

1027 

1133 

1083 

880 

JULY 

1149 

1160 

1609 

1847 

1669 

1352 

AUGUST 

806 

813 

1171 

1281 

1171 

935 

SEPTEMBER 

656 

643 

847 

930 

816 

689 

OCTOBER 

0 

0 

0 

0 

0 

0 

TOTAL 

3649 

3638 

4939 

5494 

5036 

4132 

26887 
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LIFE  CYCLE  COST  ANALYSIS  SUMMARY  STUDY:  5900EC5A 

ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP)  LCCID  1.035 

INSTALLATION  &  LOCATION:  FT.  SILL,  OKLAHOMA  REGION  NOS.  6  CENSUS:  3 

PROJECT  NO.  &  TITLE:  3002-000  ENERGY  SURVEY  OF  ARMY  BOILER/CHILLERS 
FISCAL  YEAR  1991  DISCRETE  PORTION  NAME:  TWO  SPEED  COOLING  TOWER 
ANALYSIS  DATE;  04-11-91  ECONOMIC  LIFE  25  YEARS  PREPARED  BY:  KC 


1.  INVESTMENT 

A.  CONSTRUCTION  COST  $ 

B.  SIOH  $ 

C.  DESIGN  COST  $ 

D.  ENERGY  CREDIT  CALC  (1A+1B+1C)X.9  $ 

E.  SALVAGE  VALUE  COST  -$ 

F.  TOTAL  INVESTMENT  (ID-IE)  $ 


2.  ENERGY  SAVINGS  (+)  /  COST  (-) 

ANALYSIS  DATE  ANNUAL  SAVINGS,  UNIT  COST  &  DISCOUNTED  SAVINGS 


7729. 

425. 

464. 

7756. 

0. 

7756. 


UNIT  COST 

SAVINGS 

ANNUAL  $ 

DISCOUNT 

DISCOUNTED 

FUEL 

$/MBTU(l) 

MBTU/yR(2) 

SAVINGS ( 3 ) 

FACTOR(4) 

SAVINGS ( 5 ) 

A. 

ELECT 

$  4.01 

54. 

$ 

218. 

11.37 

2479. 

B. 

DIST 

$  .00 

0. 

$ 

0. 

17.06 

0. 

C. 

RESID 

$  .00 

0. 

$ 

0. 

16.85 

0. 

D. 

NAT  G 

$  2.92 

0. 

$ 

0. 

17.52 

0. 

E. 

COAL 

$  .00 

0. 

$ 

0. 

13.34 

0. 

F. 

TOTAL 

54. 

$ 

218. 

$  2479. 

NON 

ENERGY 

SAVINGS (+)  / 

COST(-) 

A. 

ANNUAL 

RECURRING  (+/ 

-) 

$  0. 

(1)  DISCOUNT  FACTOR 

(TABLE  A) 

11.65 

(2)  DISCOUNTED  SAVING/COST  ( 3A  X 

3A1) 

$  0. 

C.  TOTAL  NON  ENERGY  DISCOUNTED  SAVINGS (+)  /COST(-)  (3A2+3Bd4)  $  0. 


D.  PROJECT  NON  ENERGY  QUALIFICATION  TEST 

(1)  25%  MAX  NON  ENERGY  CALC  (2F5  X  .33)  $  818. 

A  IF  3D1  IS  =  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  =  (2F5+3D1)/1F)=  _ 

C  IF  3D1B  IS  =  >  1  GO  TO  ITEM  4 

D  IF  3D1B  IS  <  1  PROJECT  DOES  NOT  QUALIFY 


4.  FIRST  YEAR  DOLLAR  SAVINGS  2F3+3A+(3B1D/ (YEARS  ECONOMIC  LIFE))  $  218. 


5. 

TOTAL  NET  DISCOUNTED  SAVINGS  (2F5+3C) 

$ 

6. 

DISCOUNTED  SAVINGS  RATIO 

(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 

(SIR)=(5  /  1F)= 

.32 

7. 

SIMPLE  PAYBACK  PERIOD  (ESTIMATED) 

SPB=lF/4 

35.57 

2479. 
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ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 
FT.  SILL,  OKLAHOMA 

CENTRAL  PLANT:  5900 

ENERGY  CONSERVATION  OPPORTUNITY;  ECO-  5(B) 

SYSTEM  MODIFICATION:  VARIABLE  SPEED  DRIVE  FOR  COOLING  TOWER 
SYSTEMS  TO  MODIFY:  COOLING  TOWER 


CALCULATION  DESCRIPTION: 

Two  spread  sheets  are  compared  to  determine  the  energy  savings  for 
ECO-5,  install  two-speed  (5A)  or  variable  speed  (5B)  motors  for  cooling  tower. 

The  spread  sheets  is  a  simulation  of  the  existing  structure,  equipment,  and 

systems,  and  how  they  are  presently  operated.  The  spread  sheets  is  also  a 

simulation  of  the  existing  building  with  modifications  implemented  in  the  systems,  equipment, 

or  the  operation.  The  difference  in  the  totals  from  the  spread  sheets  represents  the  savings. 


ANNUAL  UTILITY  SAVINGS 


PC  CUBE  RUN 

Electric 

Nat.  Gas 
(MMBtu) 

Total  Energy 
(MMBtu) 

Demand(kW) 

Energy(kWh) 

Baseline 

— 

42,802 

— 

146 

ECO 

— 

21,627 

— 

74 

Savinas  (Baseline-ECO) 

0 

21.175 

0 

72 

NOTE:  The  savings  for  this  ECO  did  not  consider  any  interrelated  savings  with  other 

ECOs  identified  as  economically  feasible. 


ENERGY  COST  SAVINGS: 

Electricity: 

72  MMBtuA'r  X 

$4.0141  /MMBtu  = 

$290  per  year 

Nat.  Gas: 

0  MMEtuA^r  X 

$2.92 /MMBtu  = 

$0  per  year 

Total  Energy  Cost  Savings: 

$290  + 

$0 

$290  per  year 

NON -ENERGY  SAVINGS  (+),  COST  (-): 

Demand: 

0  kW/month  X 

$1.787/kW  X 

12  months/year 

=  {+) 

$0  per  year 

Maintenance:  =  (-) 

$425  per  year 

Total: 

$0 

$425 

($425)  per  year 

1EC0-SHT,WK3] 
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Two-speed  cooling  tower  and  variable  speed  cooling  lower  calculation  description: 

1.  The  design  conditions  were  taken  from  the  original  design  documents,  including  wet 
bulb  temperatures,  condenser  water  flow,  and  condenser  supply  and  return 
temperatures. 

2.  Based  on  an  assumed  liquid  to  gas  ratio,  the  delta  enthalpy  was  calculated  for  entering 
air  versus  leaving  air  conditions.  The  final  total  enthalpy  of  the  leaving  air  was 
calculated  based  on  the  design  entering  air  enthalpy  plus  the  delta  enthalpy. 

3.  The  fan  motor  kW  is  based  on  field  measurements. 

4.  The  "WET  BULB  AVERAGES"  are  the  wet  bulb  temperatures  calculated  for  4  hour  bins, 
for  each  cooling  month,  from  ASHRAE  weather  data  for  Oklahoma  City,  Oklahoma 
(part  1). 

5.  The  "ENTHALPY  FOR  AVERAGE  WET  BULBS"  are  the  enthalpy  for  each  of  the  wet- 
bulb  (part  1.),  determined  from  look-up  tables  (part  2). 

6.  The  "COOLING  PROFILE  OF  CENTRAL  PLANTS,"  is  the  average  %  load  estimated  for 
the  chiller  plant,  for  the  time  bins  (part  3).  Note  there  is  0%  load  for  those  hours  when 
the  chiller  is  assumed  to  be  off. 

The  "PEAK  LOAD"  per  month  is  the  estimated  peak  hourly  load  (part  3,  last  column). 

7.  The  "RATIO  OF  AVERAGE  MONTHLY  ENTHALPY  TO  DESIGN  ENTHALPY"  for  time 
bins  (part  4)  = 

(Total  exit  air  design  enthalpy  minus  average  monthly  enthalpy,  part  2)  /  (entering  air 
design  enthalpy) 

The  "DAYS  PER  MONTH  OPER."  is  the  total  days  per  month  the  cooling  tower 
operates  (part  4,  last  columm). 

8.  The  "%  DESIGN  LOAD"  on  tower  for  time  bins  (part  5)  = 

(%  load  on  plant,  part  3  *  monthly  peak  load,  part  3)  /  (  Highest  monthly  peak  load, 
part  3)  "^  ( 1  /  ratio  of  monthly  enthalpy,  part  4) 

9.  For  a  single  speed  cooling  tower  fan  the  energy  usage  (kWh)  is  based  on  the  idea  that 
the  tower  fan  cycle  in  direct  proportion  to  the  %  design  load  on  the  tower,  (part  6)  = 

kWh  per  bin  =  (total  fan  power  kW)  *  (%  design  load,  part  5*4  hours  per  bin  *  days 
per  month) 

Total  kWh  =  sum  of  all  kWh  bins 
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10. 


For  a  two-speed  cooling  tower  fan  the  energy  usage  (kWh)  is  based  on  the  premise  that 
when  a  tower  cell  is  at  less  than  50%  of  its  design  load,  it  operates  at  half  speed.  A  fan 
running  at  half  speed  uses  14%  of  the  maximum  power  input  (part  7).  The  control 
sequence  is: 

•  0-50%  load,  fan  1,  half  speed  cycling, 

•  50-100%  load,  fan  1  full  speed  cycling. 

kWh  per  bin,  for  %  design  loads  less  than  50%  load  =  (fan  1  power  kW)  *  14%  * 
(7odesign  load  /  50)  *  4  hours  per  bin  *  days  per  month. 

kWh  per  bin,  for  %  design  loads  50%  to  100%  load  =  ( fan  1  power  kW  ((%  design 
load)/  100)  *  4  hours  per  bin  days  per  month  ) 

kWh  total  =  sum  of  all  kWh  bins 


n.  For  a  variable  speed  cooling  tower  fan  the  energy  usage  (kWh)  is  based  on  the  premise 
that  the  tower  fan  percent  air  volume  is  directly  proportional  to  the  percent  load  on  the 
cooling  tower;  and  the  fan  energy  is  proportalional  to  the  cube  of  the  air  volume.  The 
calculations  take  into  account  multi-cell  towers  (part  8): 

kWh  per  bin,  for  0  to  100%  load  =  (  total  fan  power  kW)  *  ((%  design  load)’  /  80% 
efficiency  )  *  4  hours  per  bin  *  days  per  month. 

kWh  total  =  sum  of  all  kWh  bins 
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CENTRALPLANT  5900 

(GOOLING  TOWER: 

iONLY) 

DESIGN  CONDITIONS  1 

-  WBT  (DB.  DEG  F) 

78 

-  WATER  FLOW  (qpm) 

1200 

-  CNWR  (DEG  F) 

95 

-  CNWS  (DEG  F) 

85 

ASSUMPTION  LIQUID  TO  GAS  RATIO 

2 

-  AIR  FLOW  (LBS/MIN) 

4980 

HEAT  REJECTION  CAPACITY  (Btu/min) 

99600 

DELTA  ENTHALPY  (Btu/lb) 

20 

DESIGN  ENTHALPY  (Btu/lb) 

41,58 

TOTAL  ENTHALPY 

61.58 

EXIT  AIR  WB  (LOOK  UP) 

93.2 

SPECIFIC  VOLUME  OF  EXIT  AIR  (LOOK  UP) 

15.1 

100%  DESIGN  CFM  @  WB 

75198 

MOTOR  DATA 

-  FAN  1  POWER  (kW) 

19.2 

-  FAN  2  POWER  (kW) 

0 

-  FAN  3  POWER  (kW) 

0 

-  FAN  4  POWER  (kW) 

0 

ASHRAE  WEATHER  DATA  -  OKLAHOMA  CITY,  OKLAHOMA 


WET- BULB  AVERAGES  I 

[4  hour  bins) 

DESIGN 

WB 

1-4 

5-8 

9-12 

13-16 

17-20 

21-24 

APRIL 

48.6 

47.8 

52.2 

55.6 

54.6 

51.4 

78 

MAY 

57.1 

56.6 

61.2 

63.9 

63 

59.4 

78 

JUNE 

66.8 

66.6 

69.9 

71 

70.5 

68.2 

78 

JULY 

70.8 

70.9 

74.5 

76 

74.9 

72.6 

78 

AUGUST 

66.9 

67 

71 

72 

71 

68.5 

78 

SEPTEMBER 

65.1 

64.9 

67.8 

68.9 

67.4 

65.6 

78 

OCTOBER 

51.2 

50.4 

55.1 

57.5 

55.2 

52.5 

78 
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ENTHALPY  FOR  AVERAGE  WET- BULBS  \ 

DESIGN 

ENTHALPY 

1-4 

5-8 

9-12 

13-16 

17-20 

21-24 

APRIL 

19.64 

19.11 

21.55 

23.58 

22.98 

21.09 

41.58 

MAY 

24.53 

24.21 

27.28 

29.23 

28.57 

26.06 

41.58 

JUNE 

31.47 

31.31 

34.01 

34.95 

34.51 

32.59 

41.58 

JULY 

34.77 

34.86 

38.14 

39.57 

38.52 

36.37 

41.58 

AUGUST 

31.54 

31.62 

34.95 

35.83 

34.95 

32.84 

41.58 

SEPTEMBER 

30,13 

29.98 

32.25 

33.09 

31.93 

30.52 

41.58 

OCTOBER 

20.98 

20.53 

23.28 

24.72 

23.34 

21 .72 

41.58 

PEAK 

LOAD 

1  COOLING  PROFILE  OF  C 

ENTRAL  PLANTS 

— 

1-4 

5-8 

9-12 

13-16 

17-20 

21-24 

(Btuh) 

APRIL 

0 

0 

0 

0 

0 

0 

0 

MAY 

0.9 

0.9 

0.9 

0.9 

0.9 

0.9 

15953000 

JUNE 

0.9 

0.9 

0.9 

0.9 

0.9 

0.9 

19533000 

JULY 

0.9 

0.9 

0.9 

0.9 

0.9 

0.9 

19533000 

AUGUST 

0.9 

0.9 

0.9 

0.9 

0.9 

0.9 

19533000 

SEPTEMBER 

0.9 

0.9 

0.9 

0.9 

0.9 

0.9 

19533000 

OCTOBER 

0 

0 

0 

0 

0 

0 

0 

RATIO  OF  MONTHLY  ENl 

rHALPY  TO  DESIGN  ENTHALPY 

DAYS  PER 

MONTH  OPER. 

1-4 

5-8 

9-12 

13-16 

17-20 

21-24 

APRIL 

0.0 

0.0 

0.0 

0.0 

6.0 

0.0 

30 

MAY 

1.9 

1.9 

1.6 

1.7 

1.8 

31 

JUNE 

1.5 

1.5 

1.4 

1.3 

1.4 

1.4 

30 

JULY 

1.3 

1.3 

1.2 

1.1 

1.2 

1.3 

31 

AUGUST 

1.5 

1.5 

1.3 

1.3 1 

1.3 

1.4 

31 

SEPTEMBER 

1.6^ 

1.6 

1.5 

1.4 

1.5^ 

1.6 

30 

OCTOBER 

0.0 

0.6 

0.0 

0.0 

0.0 

0.6 

31 
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%  DESIGN  LOAD  1 

DAYS  PER 
MONTH  OPER. 

1-4 

5-8 

9-12 

13-16 

17-20 

21-24 

APRIL 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

30 

MAY 

39.7 

39.3 

42.9 

45.4 

44.5 

41.4 

31 

JUNE 

59.8 

59.5 

65.3 

67.6 

66.5 

62.1 

30 

JULY 

67.1 

67.4 

76.8 

81.8 

78.1 

71.4 

31 

AUGUST 

59.9 

60.1 

67.6 

69.9 

67.6 

62.6 

31 

SEPTEMBER 

57.2 

57.0 

61.4 

63.2 

60.7 

58.0 

30 

OCTOBER 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

31 

SINGLE  SPE 

ED  CONTROL  (kWh) 

TOTAL 

(kWh) 

1-4 

5-8 

9-12 

13-16 

17-20 

21-24 

APRIL 

0 

0 

0 

0 

0 

0 

MAY 

945 

937 

1020 

1082 

1060 

985 

JUNE 

1377 

1370 

1504 

1557 

1532 

1431 

JULY 

1598 

1604 

1828 

1947 

1858 

1700 

AUGUST 

1427 

1430 

1609 

1664 

1609 

1491 

SEPTEMBER 

1319 

1312 

1414 

1456 

1399 

1335 

OCTOBER 

0 

0 

0 

0 

0 

0 

TOTAL 

6666 

6653 

7376 

7706 

7459 

6942 

42802 

TWO  SPEED  CONTROL  (1 

kWh) 

TOTAL 

(kWh) 

1-4 

5-8 

9-12 

13-16 

17-20 

21  -24 

APRIL 

0 

0 

0 

0 

0 

0 

MAY 

265 

262 

286 

303 

297 

276 

JUNE 

773 

759 

1027 

1133 

1083 

880 

JULY 

1149 

1160 

1609 

1847 

1669 

1352 

AUGUST 

806 

813 

1171 

1281 

1171 

935 

SEPTEMBER 

656 

643 

847 

930 

816 

689 

OCTOBER 

0 

0 

0 

0 

0 

0 

TOTAL 

3649 

3638 

4939 

5494 

5036 

4132 

26887 
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LIFE  CYCLE  COST  ANALYSIS  SUMMARY  STUDY:  5900EC5B 

ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP)  LCCID  1.035 

INSTALLATION  &  LOCATION:  FT.  SILL,  OKLAHOMA  REGION  NOS.  6  CENSUS:  3 

PROJECT  NO.  &  TITLE:  3002-000  ENERGY  SURVEY  OF  ARMY  BOILER/ CHILLERS 
FISCAL  YEAR  1991  DISCRETE  PORTION  NAME:  TWO  SPEED  COOLING  TOWER 
ANALYSIS  DATE:  04-11-91  ECONOMIC  LIFE  25  YEARS  PREPARED  BY:  KC 


1 .  INVESTMENT 

A.  CONSTRUCTION  COST  $ 

B.  SIOH  $ 

C.  DESIGN  COST  $ 

D.  ENERGY  CREDIT  CALC  ( lA+lB+lC) X. 9  $ 

E.  SALVAGE  VALUE  COST  -$ 

F.  TOTAL  INVESTMENT  (ID- IE)  $ 


2.  ENERGY  SAVINGS  (+)  /  COST  (-) 

ANALYSIS  DATE  ANNUAL  SAVINGS,  UNIT  COST  &  DISCOUNTED  SAVINGS 


7079. 

390. 

425. 

7105. 

0. 

7105. 


3. 


UNIT  COST 

SAVINGS 

ANNUAL  $ 

DISCOUNT 

DISCOUNTED 

FUEL 

$/MBTU(l) 

MBTU/YR(2) 

SAVINGS ( 3 ) 

FACTOR(4) 

SAVINGS (5) 

A. 

ELECT 

$  4.01 

72. 

$ 

290. 

11.37 

3298. 

B, 

DIST 

$  .00 

0. 

$ 

0. 

17.06 

0. 

C. 

RESID 

$  .00 

0. 

$ 

0. 

16.85 

0. 

D. 

NAT  G 

$  2.92 

0. 

$ 

0. 

17.52 

0. 

E, 

COAL 

$  .00 

0. 

$ 

0. 

13.34 

0. 

F. 

TOTAL 

72. 

$ 

290. 

$  3298. 

NON 

ENERGY 

SAVINGS (+)  / 

COST(-) 

A. 

ANNUAL 

RECURRING  (+/-) 

$  -425. 

(1)  DISCOUNT  FACTOR 

(TABLE  A) 

11.65 

(2)  DISCOUNTED  SAVING/ COST  (3A  X 

3A1) 

$  -4951. 

C.  TOTAL  NON  ENERGY  DISCOUNTED  SAVINGS (+)  /COST(-)  (3A2+3Bd4)  $  -4951. 


D.  PROJECT  NON  ENERGY  QUALIFICATION  TEST 

(1)  25%  MAX  NON  ENERGY  CALC  (2F5  X  .33)  $  1088. 

A  IF  3D1  IS  =  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  =  (2F5+3D1)/1F)=  _ 

C  IF  3D1B  IS  =  >  1  GO  TO  ITEM  4 

D  IF  3D1B  IS  <  1  PROJECT  DOES  NOT  QUALIFY 


4.  FIRST  YEAR  DOLLAR  SAVINGS  2F3+3A+ ( 3B1D/ (YEARS  ECONOMIC  LIFE))  $ 

5.  TOTAL  NET  DISCOUNTED  SAVINGS  (2F5+3C)  $ 

6.  DISCOUNTED  SAVINGS  RATIO  (SIR)=(5  /  1F)=  -.23 

(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 

7.  SIMPLE  PAYBACK  PERIOD  (ESTIMATED)  SPB=lF/4  -52.66 


-135. 

-1653. 
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ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 
FT.  SILL.  OKLAHOMA 

CENTRAL  PLANT:  5900 

ENERGY  CONSERVATION  OPPORTUNITY:  ECO-  6 

SYSTEM  MODIFICATION:  HIGH  EFFICIENCY  MOTOR  REPLACEMENT 
SYSTEMS  TO  MODIFY:  PUMP  &  COOLING  TOWER  MOTORS 


CALCULATION  DESCRIPTION: 

Analysis  spread  sheet  was  prepared  to  determine  the  energy  savings  for 
ECO -6,  install  high  efficiency  motors. 

It  was  estimated  that  the  electrical  energy  can  be  saved  by  installing  high  efficiency 
motors  based  on  the  motor  operating  hours  per  year. 


ANNUAL  UTILITY  SAVINGS 


PC  CUBE  RUN 

Electric 

Nat.  Gas 
(MMBtu) 

Total  Energy 
(MMBtu) 

Demand(kW) 

Enerqy(kWh) 

Baseline 

— 

— 

— 

0 

ECO 

— 

— 

— 

0 

Savings  (Baseline -ECO) 

28 

42.400 

0 

145 

NOTE:  The  savings  for  this  ECO  did  not  consider  any  interrelated  savings  with  other 

ECOs  identified  as  economically  feasible. 


ENERGY  COST  SAVINGS: 

Electricity:  145  MMBtu/Yr 

Nat.  Gas:  0  MMBtum 

Total  Energy  Cost  Savings: 

NON -ENERGY  SAVINGS  (+).  COST  (-): 
Demand:  28  kW/month 


X  $4.0141  /MMBtu  = 
X  $2.92 /MMBtu  = 

$581  +  $0  = 


$1.787 /kW  X 


$581  per  year 
$0  per  year 
$581  per  year 

12  months/year 


Maintenance: 

Total: 


(+) 

(-) 


$600  per  year 
$0  per  year 


$600 


$0 


$600  per  year 


[ECO-SHT.WK3] 


D-5900-39 


HIGH  EFFICIENCY 
MOTOR  REPLACEMENT 


LABOR  RATE: 

19.6  $/hr 

ELECTRIC  CONS. 

0.0137  $/l<WH 

ELECTRIC  DEMAND 

1 .787  $/kW 

BLDG. 

EQUIPMENT 

MOTOR 

MOTOR 

MEAS 

MEAS 

MEAS 

EXST 

NEW 

KW 

HRS/ 

KWH/YR 

SVGS/ 

NO. 

SERVE 

HP 

FLA 

AMPS 

PF 

VOLT 

EFF 

EFF 

SVGS 

YEAR 

SVGS 

YEAR 

5900 

CWP-1 

50.0 

62.5 

60 

0.82 

460 

91 .35% 

93.00% 

0.76 

3672 

2800 

$55 

CWP~2 

60.0 

69 

53.6 

0.88 

460 

92.52% 

94.50% 

0.85 

2215 

1884 

$44 

CWP-3 

60.0 

75 

62 

0.83 

460 

89.92% 

94.50% 

2.22 

810 

1796 

$72 

CWP-4 

75.0 

93 

82.3 

0.87 

460 

86.79% 

93.60% 

4.78 

419 

2003 

$130 

CWP-5 

60.0 

77 

67 

0.80 

460 

91.43% 

94.50% 

1.51 

84 

127 

$34 

CNWP-1 

25.0 

32 

26.3 

0.82 

460 

89.42% 

91 .70% 

0.48 

3672 

1746 

$34 

CNWP-2 

30.0 

39.8 

35.6 

0.78 

460 

90.25% 

92.40% 

0.57 

2215 

1266 

$30 

CNWP-~3 

30.0 

38 

35.6 

0.82 

460 

89.71% 

92.40% 

0.76 

810 

615 

$25 

CNWP-4 

40.0 

52 

42.9 

0.78 

460 

92.34% 

93.00% 

0.21 

419 

86 

$6 

CNWP-5 

30.0 

38 

32 

0.83 

460 

89.06% 

92.40% 

0.86 

84 

72 

$19 

CTM-1 

25.0 

31 

27.2 

0.87 

460 

86.79% 

91 .70% 

1.16 

2229 

2592 

$60 

CTM-2 

Nt 

Nl 

Nl 

CTM~3 

Nl 

Nl 

Nl 

CTM-4 

Nl 

Nl 

Nl 

CTM-5 

20.0 

24 

24.6 

0.87 

460 

89.69% 

91 .00% 

0.27 

84 

23 

$6 

HWP(ret)-1 

2.0 

6.2 

5.6 

0.87 

230 

69.43% 

84.00% 

0.48 

3624 

1757 

$34 

HWP{ret)^2 

2.0 

6.2 

5.4 

0.87 

230 

69.43% 

84.00% 

0.47 

3624 

1694 

$33 

HWP(ret)-3 

2.0 

6.2 

5.5 

0.87 

230 

69.43% 

84.00% 

0.48 

3443 

1639 

$33 

HWP(ret)-4 

2.0 

6.2 

5.3 

0.87 

230 

69.43% 

84.00% 

0.46 

2445 

1122 

$25 

HWP(ret)-5 

2.0 

6.3 

5.4 

0.87 

460 

34.17% 

84.00% 

6.50 

1720 

11179 

$293 

HWP(sup)-6 

2.0 

6.2 

5.5 

0.87 

230 

69.43% 

84.00% 

0.48 

910 

433 

$16 

HWP(sup)-7 

15.0 

19.8 

16.7 

0.87 

460 

81.53% 

90.20% 

1.36 

3624 

4945 

$97 

HWP(sup)-”8 

20.0 

24 

15.2 

0.87 

460 

89.69% 

91 .00% 

0.17 

2174.4 

369 

$9 

HWP(sup)-9 

20.0 

25 

15.6 

0.86 

460 

87.51% 

91.00% 

0.47 

2174.4 

1015 

^1 

HWP(sup)-10 

15.0 

19.8 

16.7 

0.79 

460 

89.79% 

90.20% 

0.05 

1449.6 

77 

HWP{sup)-11 

25,0 

30 

29 

0.93 

460 

83.90% 

91 .70% 

2.18 

1449.6 

3158 

$9^ 

MMBtu 

145 

TOTAL 

28 

42400 

$1,171 

6003 

CWP-1 

Nl 

Nl 

Nl 

CWP-2 

50.0 

62.5 

44.6 

0.81 

460 

92.48% 

93.00% 

0,18 

3672 

645 

$13 

CWP-3 

50.0 

62.5 

46.4 

0.87 

460 

86.10% 

93.00% 

2.77 

3672 

10181 

$199 

CNWP-1 

Nl 

Nl 

Nl 

CNWP-2 

30.0 

37 

32 

0.84 

460 

90.38% 

92.40% 

0.52 

3672 

1905 

$37 

CNWP-3 

30.0 

37 

31 

0.87 

460 

87.26% 

92.40% 

1.37 

3672 

5029 

$98 

CTM-1 

50.0 

63 

56.3 

0.87 

460 

85.41% 

93.00% 

3.73 

1087 

4051 

$135 

CTM-2 

50.0 

63 

56.3 

0.87 

460 

85.41% 

93.00% 

3.73 

1087 

4051 

$135 

DEMAN 

D  CREDIT 

$264 

88 

TOTAL 

12 

25861 

$618 
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COST  ESTIMATE  ANALYSIS  INVITATION  NO./CONTRACT  NO.  EFFECTIVE  PRICING  DATE  PREPARED 

_ _ pACA59-90~C-0087  _ DATE  APR.  91 _ 10~Apf~91 _ 

PROJECT  ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER _  _  CODE  a|  X  |  CODE  b\  \  CODE  C  DRAWING  NO.  SHT  OF 

LOCATION  FT.  SILL,  OKLAHOMA  LJ  OTHER  _ _ 

_ ESTIMATOR  KC  CHECKED  BY  CEL 
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LIFE  CYCLE  COST  ANALYSIS  SUMMARY  STUDY;  5900EC6 

ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP)  LCCID  1.035 

INSTALLATION  &  LOCATION:  FT.  SILL,  OKLAHOMA  REGION  NOS.  6  CENSUS;  3 

PROJECT  NO.  &  TITLE;  3002-000  ENERGY  SURVEY  OF  ARMY  BOILER/CHILLERS 
FISCAL  YEAR  1991  DISCRETE  PORTION  NAME;  HIGH  EFF.  MOTOR 
ANALYSIS  DATE:  04-10-91  ECONOMIC  LIFE  25  YEARS  PREPARED  BY:  KC 

1 .  INVESTMENT 

A.  CONSTRUCTION  COST 

B.  SIOH 

C.  DESIGN  COST 

D.  ENERGY  CREDIT  CALC  ( 1A+1B+1C)X. 9 

E.  SALVAGE  VALUE  COST 

F.  TOTAL  INVESTMENT  (ID-IE) 

2.  ENERGY  SAVINGS  (+)  /  COST  (-) 

ANALYSIS  DATE  ANNUAL  SAVINGS,  UNIT  COST  &  DISCOUNTED  SAVINGS 


UNIT  COST 

SAVINGS 

ANNUAL  $ 

DISCOUNT 

DISCOUNTED 

FUEL 

$/MBTU(l) 

MBTU/YR(2) 

SAVINGS ( 3 ) 

FACTOR(4) 

SAVINGS(5) 

A, 

ELECT 

$  4.01 

145. 

$ 

581. 

11.37 

6604. 

B. 

DIST 

$  .00 

0. 

$ 

0. 

17.06 

0. 

C. 

RESID 

$  .00 

0. 

$ 

0. 

16.85 

0. 

D, 

NAT  G 

$  2.92 

0. 

$ 

0. 

17.52 

0. 

E. 

COAL 

$  .  00 

0. 

$ 

0. 

13.34 

0. 

F. 

TOTAL 

145. 

$ 

581. 

$  6604. 

NON 

ENERGY 

SAVINGS (+)  / 

COST(-) 

A. 

ANNUAL 

RECURRING  (+/ 

-) 

$  600. 

(1)  DISCOUNT  FACTOR 

(TABLE  A) 

11.65 

(2)  DISCOUNTED  SAVING/COST  (3A  X 

3A1) 

$  6990. 

C.  TOTAL  NON  ENERGY  DISCOUNTED  SAVINGS (+)  /COST(-)  (3A2+3Bd4)  $  6990. 


D.  PROJECT  NON  ENERGY  QUALIFICATION  TEST 

(1)  25%  MAX  NON  ENERGY  CALC  (2F5  X  .33)  $ 

A  IF  3D1  IS  =  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  =  (2F5+3D1)/1F) 

C  IF  3D1B  IS  =  >  1  GO  TO  ITEM  4 

D  IF  3D1B  IS  <  1  PROJECT  DOES  NOT  QUALIFY 

4.  FIRST  YEAR  DOLLAR  SAVINGS  2F3+3A+(3BlD/( YEARS  ECONOMIC  LIFE))  $  1181. 

5.  TOTAL  NET  DISCOUNTED  SAVINGS  (2F5+3C)  $  13594. 

6.  DISCOUNTED  SAVINGS  RATIO  (SIR)=(5  /  1F)=  .24 

(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 

****  Project  does  not  qualify  for  ECIP  funding;  4,5,6  for  information  only. 

7.  SIMPLE  PAYBACK  PERIOD  (ESTIMATED)  SPB=lF/4  47.00 


2179. 

.16 


$  55301. 

$  3042. 

$  3318. 

$  55495. 

-$  0. 

$  55495. 
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ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 
FT.  SILL,  OKLAHOMA 

CENTRAL  PLANT;  5900 

ENERGY  CONSERVATION  OPPORTUNITY:  ECO-  7 

SYSTEM  MODIFICATION:  INSTALL  INSTRUMENTATION  TO  DETERMINE  LOAD 
SYSTEMS  TO  MODIFY: 


CALCULATION  DESCRIPTION: 

Analysis  spread  sheet  was  prepared  to  determine  the  energy  savings  for 
ECO -7,  install  instrumentation  to  facilitate  efficient  operation  of  boiler  plant. 

It  was  estimated  that  the  energy  wasted  from  boiler  in  standby  is  1%  of  the  rated 

output  capacity.  The  hours  when  boilers  are  running  unnecessary  were  estimated  for  each  boiler. 


ANNUAL  UTILITY  SAVINGS 


E 

lectric 

Nat.  Gas 

Total  Energy 

PC  CUBE  RUN 

Demand(kW) 

Energy(kWh) 

(MMBtu) 

(MMBtu) 

Baseline 

— 

— 

— 

0 

ECO 

— 

— 

— 

0 

Savinas  fBaseline-ECO) 

0 

0 

161 

161 

NOTE:  The  savings  for  this  ECO  did  not  consider  any  interrelated  savings  with  other 

ECOs  identified  as  economically  feasible. 


ENERGY  COST  SAVINGS: 

Electricity; 

0  MMBtu/Yr  X 

$4.0141  /MMBtu  = 

$0  per  year 

Nat.  Gas: 

161  MMBtu/Yr  X 

$2.92 /MMBtu  = 

$470  per  year 

Total  Energy  Cost  Savings: 

$0  + 

$470 

$470  per  year 

NON-ENERGY  SAVINGS  (+).  COST  (-): 

Demand; 

0  kW/month  X 

$1.787/kW  X 

12  months/year 

=  {+) 

$0  per  year 

Maintenance:  =  (-) 

$306  per  year 

Total: 

$0 

$306 

($306)  per  year 

[ECO-SHT.WK31 
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BOILER  STANDBY  SAVINGS 


$  $  $  $  ^  $ 
I  X  X  X  X  I 


ECO-7,  INSTRUMENTATION  FOR  BOILER  PLANT 
(TYPICAL) 


BTU  METER  F  1 


DISPLAY:  (NEW) 


BOILER  2 


(NEW)  I  -  TEMP’S  & 

-  BTUH  HEATING 

^rrr 
/  \  \ 

/  1  ^ 

+  T  \ 

1  \  \ 

\  \  \ 


(NEW) 


(NEW) 


TO  BLDGs. 


BOILER  1 


HWP-1 


FROM  BLDG3. 


[□  FLOW  METER 

[T]  TEMPERATURE  SENSORS 


[B-ECO-7.DWG] 
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LIFE  CYCLE  COST  ANALYSIS  SUMMARY  STUDY:  B5900E12 

ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP)  LCCID  1.035 

INSTALLATION  &  LOCATION:  FT.  SILL,  OKLAHOMA  REGION  NOS.  6  CENSUS:  3 
PROJECT  NO.  &  TITLE:  3002-000  ENERGY  SURVEY  OF  ARMY  BOILER/CHILLERS 
FISCAL  YEAR  1991  DISCRETE  PORTION  NAME:  BOILER  INSTRUMENTATION 
ANALYSIS  DATE:  04-12-91  ECONOMIC  LIFE  15  YEARS  PREPARED  BY:  KC 

1 .  INVESTMENT 


A. 

CONSTRUCTION  COST 

$ 

5096. 

B. 

SIOH 

$ 

281. 

C. 

DESIGN 

COST 

$ 

306. 

D, 

ENERGY 

CREDIT  CALC  { 

1A+1B+1C)X. 

9 

$ 

5115. 

E. 

SALVAGE 

VALUE  COST 

-$ 

0. 

F, 

TOTAL  INVESTMENT  (ID 

-IE) 

$ 

5115. 

ENERGY  SAVINGS  (+)  /  COST  (-) 

ANALYSIS  DATE  ANNUAL  SAVINGS,  UNIT 

COST  & 

DISCOUNTED  SAVINGS 

UNIT  COST 

SAVINGS 

ANNUAL  $ 

DISCOUNT 

DISCOUNTED 

FUEL 

$/MBTU(l) 

MBTU/YR(2) 

SAVINGS ( 3 ) 

FACTOR(4) 

SAVINGS(5) 

A. 

ELECT 

$  4.01 

0. 

$ 

0. 

8.78 

0. 

B, 

DIST 

$  .00 

0. 

$ 

0.  . 

12.34 

0. 

C, 

RESID 

$  .00 

0. 

$ 

0. 

12.05 

0. 

D. 

NAT  G 

$  2.92 

161. 

$ 

470. 

12.48 

5867. 

E. 

COAL 

$  .00 

0. 

$ 

0. 

10.01 

0. 

F. 

TOTAL 

161. 

$ 

470. 

$ 

5867. 

NON  ENERGY 

SAVINGS (+)  / 

COST(-) 

A. 

ANNUAL 

RECURRING  (+/-) 

$ 

-306. 

(1)  DISCOUNT  FACTOR 

(TABLE  A) 

9.11 

(2)  DISCOUNTED  SAVING/COST  (3A 

X  3A1) 

$ 

-2788. 

C. 

TOTAL  NON  ENERGY  DISCOUNTED  SAVINGS (+) 

/COST(“) 

(3A2+3Bd4) 

$ 

-2788. 

D.  PROJECT  NON  ENERGY  QUALIFICATION  TEST 

(1)  25%  MAX  NON  ENERGY  CALC  (2F5  X  .33)  $  1936. 

A  IF  3D1  IS  =  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  =  (2F5+3D1)/1F)= 

C  IF  3D1B  IS  =  >  1  GO  TO  ITEM  4 

D  IF  3D1B  IS  <  1  PROJECT  DOES  NOT  QUALIFY 

4.  FIRST  YEAR  DOLLAR  SAVINGS  2F3+3A+(3B1D/ (YEARS  ECONOMIC  LIFE))  $  164. 

5.  TOTAL  NET  DISCOUNTED  SAVINGS  (2F5+3C)  $  3079. 

6.  DISCOUNTED  SAVINGS  RATIO  (SIR)=(5  /  1F)=  .60 

(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 

7.  SIMPLE  PAYBACK  PERIOD  (ESTIMATED)  SPB=lF/4  31.16 


D-5900-47 


ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 
FT.  SILL,  OKLAHOMA 

CENTRAL  PLANT:  5900 

ENERGY  CONSERVATION  OPPORTUNITY:  ECO-  8 

SYSTEM  MODIFICATION:  BOILER  OPTIMIZATION,  CONTROL  &  INSTRUMENTATION 

SYSTEMS  TO  MODIFY:  BOILER  1  THROUGH  6 


CALCULATION  DESCRIPTION: 

Two  PC-CUBE  program  computer  runs  are  compared  to  determine  the  energy  savings  for 
ECO-8,  install  instrumentation  connected  to  EMCS  for  boiler  optimization. 

The  first  computer  run  (Baseline)  is  a  simulation  of  the  existing  structure,  equipment,  and 
systems,  and  how  they  are  presently  operated.  The  second  computer  run  (ECO)  is  also  a 
simulation  of  the  existing  building  with  modifications  implemented  in  the  systems,  equipment, 
or  the  operation.  The  difference  in  the  totals  from  the  two  computer  runs  represents  the  savings. 


ANNUAL  UTILITY  SAVINGS 


PC  CUBE  RUN 

lE 

lectric 

Nat.  Gas 
(MMBtu) 

Total  Energy 
(MMBtu) 

Demand(kW) 

Energy(kWh) 

Baseline 

— 

— 

172,255 

172,255 

ECO 

— 

— 

166,098 

166,098 

Savinas  fBaseline-ECOp 

0 

0 

6.157 

6.157 

NOTE:  The  savings  for  this  ECO  did  not  consider  any  interrelated  savings  with  other 

ECOs  identified  as  economically  feasible. 


ENERGY  COST  SAVINGS: 

Electricity: 

0  MMBtuA'r 

X 

$4.0141  /MMBtu  = 

$0  per  year 

Nat.  Gas: 

6157  MMBtu/Yr 

X 

$2.92 /MMBtu  = 

$17,978  per  year 

Total  Energy  Cost  Savings: 

$0 

+ 

$17,978 

$17,978  per  year 

NON -ENERGY  SAVINGS  (+),  COST  (-): 

Demand: 

0  kW/month 

X 

$1.787/kW  X 

12  months/year 

=  (+) 

$0 

per  year 

Maintenance:  =  (-) 

$2,745 

per  year 

Total: 

$0 

$2,745 

($2,745)  per  year 
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PC-CUBE  VERSION  2.0.3 

CENTRAL  PLANT  5900  BASELINE 

SYSTEM  Cl  NORMAL  HEATING  AND  COOLING  LOADS 


FUEL  AND  POWER  CONSUMPTION  SYSTEM  Cl 

TOTAL  GAS  CONSUMP. ,  1000  CU  FT  172256. 

PEAK  DAY  GAS  CONSUMP.,  1000  CU  FT  1663. 

ELECTRICAL  CONSUMPTION,  KWH  2224028. 

PEAK  KW  DEMAND  (15  MIN  BASIS)  1886. 

PURCHASED  ELECTRIC  POWER 

ON-PEAK  CONSUMPTION  KWH  2224028. 

ON-PEAK  KW  DEMAND  (15  MIN  BASIS)  1886. 

MID-PEAK  CONSUMPTION  KWH  0. 

MID-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

OFF-PEAK  CONSUMPTION  KWH  0. 

OFF-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

GENERATED  ELECTRICAL  POWER  KWH  0. 

SOLD  ELECTRICAL  POWER  KWH  0. 

AUXILIARY  FUEL  CONSUMPTION  0. 


DIR.  PROC.  GA3  CONSUMP.,  1000  CF  0. 

CHILLER  OPERATING  HOURS 

CHILLER  1  3672 

CHILLER  2  2215 

CHILLER  3  810 

CHILLER  4  419 

CHILLER  5  84 

BOILER  OPERATING  HOURS 

BOILER  1  3624 

BOILER  2  3624 

BOILER  3  3443 

BOILER  4  2445 

BOILER  5  1720 

BOILER  6  910 

RECOVERABLE  HEAT  USED,  MBTU  0. 

RECOVERABLE  HEAT  UNUSED,  MBTU  0. 


PAGE  NO.  24 

**  TOTAL  ** 


Total  additional  annual  energy  use  due  to  operating  chillers  3,  4,  and  5 
more  than  necessary:  519,104  kWh/yr 

Total  electrical  consumption;  2,743,132  kWh/yr 


D-5900-49 


PC -CUBE  VERSION  2.0.3 


PAGE  NO.  12 


CENTRAL  PLANT  5900  BOILER  ECO- 2 

SYSTEM  Cl  NORMAL  HEATING  AND  COOLING  LOADS 


FUEL  AND  POWER  CONSUMPTION  SYSTEM  Cl 

TOTAL  GAS  CONSUMP.,  1000  CU  FT  166098. 

PEAK  DAY  GAS  CONSUMP.,  1000  CU  FT  1642. 

ELECTRICAL  CONSUMPTION,  KWH  2213589. 

PEAK  KW  DEMAND  (15  MIN  BASIS)  1874. 

PURCHASED  ELECTRIC  POWER 

ON-PEAK  CONSUMPTION  KWH  2213589. 

ON-PEAK  KW  DEMAND  (15  MIN  BASIS)  1874. 

MID-PEAK  CONSUMPTION  KWH  0. 

MID-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

OFF-PEAK  CONSUMPTION  KWH  0. 

OFF-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

GENERATED  ELECTRICAL  POWER  KWH  0. 

SOLD  ELECTRICAL  POWER  KWH  0. 

AUXILIARY  FUEL  CONSUMPTION  0. 

DIR.  PROC.  GAS  CONSUMP.,  1000  CF  0. 

CHILLER  OPERATING  HOURS 

CHILLER  1  3672 

CHILLER  2  2215 

CHILLER  3  810 

CHILLER  4  419 

CHILLER  5  101 

CHILLER  6  0 

BOILER  OPERATING  HOURS 

BOILER  1  3624 

BOILER  2  3624 

BOILER  3  3311 

BOILER  4  2392 

BOILER  5  1678 

BOILER  6  745 

RECOVERABLE  HEAT  USED,  MBTU  0. 

RECOVERABLE  HEAT  UNUSED,  MBTU  0. 


**  TOTAL  ** 
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Points  included  on  proposed  EMCS- design,  existing. 
All  other  points  are  new. 
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LIFE  CYCLE  COST  ANALYSIS  SUMMARY  STUDY:  B5900E12 

ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP)  LCCID  1.035 

INSTALLATION  &  LOCATION:  FT.  SILL,  OKLAHOMA  REGION  NOS.  6  CENSUS:  3 

PROJECT  NO.  &  TITLE:  3002-000  ENERGY  SURVEY  OF  ARMY  BOILER/CHILLERS 
FISCAL  YEAR  1991  DISCRETE  PORTION  NAME:  BOILER  OPTIMIZATION 
ANALYSIS  DATE:  04-12-91  ECONOMIC  LIFE  15  YEARS  PREPARED  BY:  KC 


1.  INVESTMENT 

A.  CONSTRUCTION  COST 

B.  SIOH 

C.  DESIGN  COST 

D.  ENERGY  CREDIT  CALC  ( lA+lB+lC) X. 9 

E.  SALVAGE  VALUE  COST 

F.  TOTAL  INVESTMENT  (ID-IE) 

2.  ENERGY  SAVINGS  (+)  /  COST  (-) 

ANALYSIS  DATE  ANNUAL  SAVINGS,  UNIT  COST  &  DISCOUNTED  SAVINGS 


$  45742. 

$  2516. 

$  2745. 

$  45903. 

-$  0. 

$  45903. 


FUEL 

A.  ELECT 

B.  DIST 

C.  RESID 

D.  NAT  G 

E.  COAL 

F.  TOTAL 


UNIT  COST 
$/MBTU{l) 

$  4.01 
$  .00 
$  .00 
$  2.92 
$  .00 


SAVINGS 

MBTU/YR(2) 

0. 

0. 

0. 

6157. 

0. 

6157. 


ANNUAL  $ 
SAVINGS ( 3 ) 

$  0. 

$  0. 

$  0. 

$  17978. 

$  0. 

$  17978. 


DISCOUNT 

FACTOR(4) 

8.78 

12.34 

12.05 

12.48 

10.01 


DISCOUNTED 
SAVINGS ( 5 ) 

0. 

0. 

0. 

224371. 

0. 

$  224371. 


3.  NON  ENERGY  SAVINGS (+)  /  COST(-) 

A.  ANNUAL  RECURRING  (+/”)  ^ 

(1)  DISCOUNT  FACTOR  (TABLE  A)  9.11 

(2)  DISCOUNTED  SAVING/COST  ( 3A  X  3A1)  $ 

C.  TOTAL  NON  ENERGY  DISCOUNTED  SAVINGS (+)  /COST(-)  (3A2+3Bd4)  $ 


-2745. 

-25007. 

-25007. 


D.  PROJECT  NON  ENERGY  QUALIFICATION  TEST 

(1)  25%  MAX  NON  ENERGY  CALC  (2F5  X  .33)  $  74042. 

A  IF  3D1  IS  =  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  =  ( 2F5+3D1 ) /IF ) =  _ 

C  IF  3D1B  IS  =  >  1  GO  TO  ITEM  4 

D  IF  3D1B  IS  <  1  PROJECT  DOES  NOT  QUALIFY 


4.  FIRST  YEAR  DOLLAR  SAVINGS  2F3+3A+ ( 3B1D/ (YEARS  ECONOMIC  LIFE))  $ 

5.  TOTAL  NET  DISCOUNTED  SAVINGS  (2F5+3C)  $ 

6.  DISCOUNTED  SAVINGS  RATIO  (SIR)=(5  /  1F)=  4.34 

(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 

7.  SIMPLE  PAYBACK  PERIOD  (ESTIMATED)  SPB=lF/4  3.01 


15233. 

199364. 
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ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 
FT.  SILL,  OKLAHOMA 

CENTRAL  PLANT:  5900 

ENERGY  CONSERVATION  OPPORTUNITY:  ECO  -  9 

SYSTEM  MODIFICATION:  RENOVATE  BOILER 
SYSTEMS  TO  MODIFY:  BOILER  1  AND  2 


CALCULATION  DESCRIPTION: 

Two  PC-CUBE  program  computer  runs  are  compared  to  determine  the  energy  savings  for 
ECO -9,  renovate  or  replace  existing  boilers. 

The  first  computer  run  (Baseline)  is  a  simulation  of  the  existing  structure,  equipment,  and 
systems,  and  how  they  are  presently  operated.  The  second  computer  run  (ECO)  is  also  a 
simulation  of  the  existing  building  with  modifications  implemented  in  the  systems,  equipment, 
or  the  operation.  The  difference  in  the  totals  from  the  two  computer  runs  represents  the  savings. 


ANNUAL  UTILITY  SAVINGS 


PC  CUBE  RUN 

Electric 

Nat.  Gas 
(MMBtu) 

Total  Energy 
(MMBtu) 

Demand(kW) 

Energy(kWh) 

Baseline 

— 

— 

172,255 

172,255 

ECO 

— 

— 

165,014 

165,014 

Savinas  (Baseline-ECO) 

0 

0 

7.241 

7.241 

NOTE:  The  savings  for  this  ECO  did  not  consider  any  interreiated  savings  with  other 

ECOs  identified  as  economically  feasible. 


ENERGY  COST  SAVINGS: 


Electricity: 

0  MMBtu/Yr 

X 

$4.0141  /MMBtu  = 

$0  per  year 

Nat.  Gas: 

7241  MMBtu/Yr 

X 

$2.92 /MMBtu  = 

$21,144  per  year 

Total  Energy  Cost  Savings: 

$0  + 

$21,144 

$21,144  per  year 

NON -ENERGY  SAVINGS  (+).  COST  (-): 

Demand: 

0  kW/month 

X 

$1.787/kW  X 

12  months/year 

=  (+) 

$0  per  year 

Maintenance: 

=  (-)  $1 ,792  per  year 

Total: 

$0 

$1,792 

($1 ,792)  per  year 

[ECO-SHT.WK3] 
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PC-CUBE  VERSION  2.0.3 

CENTRAL  PLANT  5900  BASELINE 

SYSTEM  Cl  NORMAL  HEATING  AND  COOLING  LOADS 


FUEL  AND  POWER  CONSUMPTION  SYSTEM  Cl 

TOTAL  GAS  CONSUMP.,  1000  CU  FT  172256. 

PEAK  DAY  GAS  CONSUMP,,  1000  CU  FT  1663. 

ELECTRICAL  CONSUMPTION,  KWH  2224028. 

PEAK  KW  DEMAND  (15  MIN  BASIS)  1886. 

PURCHASED  ELECTRIC  POWER 

ON-PEAK  CONSUMPTION  KWH  2224028. 

ON-PEAK  KW  DEMAND  (15  MIN  BASIS)  1886. 

MID-PEAK  CONSUMPTION  KWH  0. 

MID-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

OFF-PEAK  CONSUMPTION  KWH  0. 

OFF-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

GENERATED  ELECTRICAL  POWER  KWH  0. 

SOLD  ELECTRICAL  POWER  KWH  0. 

AUXILIARY  FUEL  CONSUMPTION  0. 

DIR.  PROC.  GAS  CONSUMP.,  1000  CF  0. 

CHILLER  OPERATING  HOURS 

CHILLER  1  3672 

CHILLER  2  2215 

CHILLER  3  810 

CHILLER  4  419 

CHILLER  5  84 

BOILER  OPERATING  HOURS 

BOILER  1  3624 

BOILER  2  3624 

BOILER  3  3443 

BOILER  4  2445 

BOILER  5  1720 

BOILER  6  910 

RECOVERABLE  HEAT  USED,  MBTU  0. 

RECOVERABLE  HEAT  UNUSED,  MBTU  0. 


PAGE  NO. 


**  TOTAL  ** 


Total  additional  annual  energy  use  due  to  operating  chillers  3,  4,  and  5 
more  than  necessary:  519,104  kWh/yr 

Total  electrical  consumption:  2,743,132  kWh/yr 


24 
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PC-CUBE  VERSION  2.0.3 

CENTRAL  PLANT  5900  BOILER  ECO- 3 

SYSTEM  Cl  NORMAL  HEATING  AND  COOLING  LOADS 


FUEL  AND  POWER  CONSUMPTION  SYSTEM  Cl 

TOTAL  GAS  CONSUMP.,  1000  CU  FT  165014. 

PEAK  DAY  GAS  CONSUMP.,  1000  CU  FT  1616. 

ELECTRICAL  CONSUMPTION,  KWH  2213589. 

PEAK  KW  DEMAND  (15  MIN  BASIS)  1874. 

PURCHASED  ELECTRIC  POWER 

ON-PEAK  CONSUMPTION  KWH  2213589. 

ON-PEAK  KW  DEMAND  (15  MIN  BASIS)  1874. 

MID-PEAK  CONSUMPTION  KWH  0. 

MID-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

OFF-PEAK  CONSUMPTION  KWH  0. 

OFF-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

GENERATED  ELECTRICAL  POWER  KWH  0. 

SOLD  ELECTRICAL  POWER  KWH  0. 

AUXILIARY  FUEL  CONSUMPTION  0. 

DIR.  PROC.  GAS  CONSUMP.,  1000  CF  0. 

CHILLER  OPERATING  HOURS 

CHILLER  1  3672 

CHILLER  2  2215 

CHILLER  3  810 

CHILLER  4  419 

CHILLER  5  101 

CHILLER  6  0 

BOILER  OPERATING  HOURS 

BOILER  1  3624 

BOILER  2  3624 

BOILER  3  3311 

BOILER  4  2349 

BOILER  5  1613 

BOILER  6  795 

RECOVERABLE  HEAT  USED,  MBTU  0. 

RECOVERABLE  HEAT  UNUSED,  MBTU  0. 


PAGE  NO. 


**  TOTAL  ** 
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LIFE  CYCLE  COST  ANALYSIS  SUMMARY  STUDY:  B5900EC3 

ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP)  LCCID  1.035 

INSTALLATION  &  LOCATION;  FT.  SILL,  OKLAHOMA  REGION  NOS.  6  CENSUS:  3 

PROJECT  NO.  &  TITLE:  3002-000  ENERGY  SURVEY  OF  ARMY  BOILER/CHILLERS 
FISCAL  YEAR  1991  DISCRETE  PORTION  NAME:  BOILER  RENOVATION 
ANALYSIS  DATE:  04-09-91  ECONOMIC  LIFE  15  YEARS  PREPARED  BY;  KC 

1.  INVESTMENT 

A.  CONSTRUCTION  COST 

B.  SIOH 

C.  DESIGN  COST 

D.  ENERGY  CREDIT  CALC  ( lA+lB+lC) X. 9 

E.  SALVAGE  VALUE  COST 

F.  TOTAL  INVESTMENT  (ID-IE) 

2.  ENERGY  SAVINGS  (+)  /  COST  (-) 

ANALYSIS  DATE  ANNUAL  SAVINGS,  UNIT  COST  &  DISCOUNTED  SAVINGS 


UNIT  COST 

SAVINGS 

ANNUAL  $ 

DISCOUNT 

DISCOUNTED 

FUEL 

$/MBTU(l) 

MBTU/YR(2) 

SAVINGS ( 3 ) 

FACTOR(4) 

SAVINGS(5) 

A. 

ELECT 

$  4.01 

0. 

$ 

0. 

8.78 

0. 

B. 

DIST 

$  .00 

0, 

$ 

0. 

12.34 

0. 

C. 

RESID 

$  .00 

0. 

$ 

0. 

12.05 

0. 

D. 

NAT  G 

$  2.92 

7241. 

$ 

21144. 

12.48 

263874. 

E. 

COAL 

$  .00 

0. 

$ 

0. 

10.01 

0. 

F. 

TOTAL 

7241. 

$ 

21144. 

$  263874. 

NON 

ENERGY 

SAVINGS (+)  / 

COST(“) 

A. 

ANNUAL 

RECURRING  (+/ 

-) 

$  -1792. 

(1)  DISCOUNT  FACTOR 

(TABLE  A) 

9.11 

(2)  DISCOUNTED  SAVING/COST  (3A  X 

3A1) 

$  -16325. 

C.  TOTAL  NON  ENERGY  DISCOUNTED  SAVINGS(+)  /COST(-)  (3A2+3Bd4)  $  -16325. 


D.  PROJECT  NON  ENERGY  QUALIFICATION  TEST 

(1)  25%  MAX  NON  ENERGY  CALC  (2F5  X  .33)  $  87078. 

A  IF  3D1  IS  =  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  =  (2F5+3D1 ) /1F)= 

C  IF  3D1B  IS  =  >  1  GO  TO  ITEM  4 

D  IF  3D1B  IS  <  1  PROJECT  DOES  NOT  QUALIFY 

4.  FIRST  YEAR  DOLLAR  SAVINGS  2F3+3A+(3B1D/ (YEARS  ECONOMIC  LIFE))  $  19352. 

5.  TOTAL  NET  DISCOUNTED  SAVINGS  (2F5+3C)  $  247549. 

6.  DISCOUNTED  SAVINGS  RATIO  (SIR)=(5  /  1F)=  20.52 

(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 

7.  SIMPLE  PAYBACK  PERIOD  (ESTIMATED)  SPB=lF/4  .62 


$  12023. 

$  662. 

$  722. 

$  12066. 

-$  0. 

$  12066. 
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ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 
FT.  SILL.  OKLAHOMA 

CENTRAL  PLANT:  5900 

ENERGY  CONSERVATION  OPPORTUNITY;  ECO-  10 

SYSTEM  MODIFICATION:  OXYGEN  TRIM  FOR  BURNERS 
SYSTEMS  TO  MODIFY;  BOILER  1  AND  2 


CALCULATION  DESCRIPTION: 

Two  PC-CUBE  program  computer  runs  are  compared  to  determine  the  energy  savings  for 
ECO-10,  install  oxygen  trim  for  burners. 

The  first  computer  run  (Baseline)  is  a  simulation  of  the  existing  structure,  equipment,  and 
systems,  and  how  they  are  presently  operated.  The  second  computer  run  (ECO)  is  also  a 
simulation  of  the  existing  building  with  modifications  implemented  in  the  systems,  equipment, 
or  the  operation.  The  difference  in  the  totals  from  the  two  computer  runs  represents  the  savings. 


ANNUAL  UTILITY  SAVINGS 


PC  CUBE  RUN 

Electric 

Nat.  Gas 
(MMBtu) 

Total  Energy 
(MMBtu) 

Demand(kW) 

Energy(kWh) 

Baseline 

— 

— 

172,255" 

172,255 

ECO 

— 

— 

169,073 

169,073 

Savinas  (Baseline-ECO) 

0 

0 

3.182 

3.182 

NOTE:  The  savings  for  this  ECO  did  not  consider  any  interrelated  savings  with  other 

ECOs  identified  as  economicaliy  feasibie. 


ENERGY  COST  SAVINGS: 

Electricity: 

0  MMBtu/Yr  X 

$4.0141  /MMBtu  = 

$0  per  year 

Nat.  Gas: 

3182  MMBtu/Yr  X 

$2.92 /MMBtu  = 

$9,291  per  year 

Total  Energy  Cost  Savings: 

$0  + 

$9,291 

$9,291  per  year 

NON -ENERGY  SAVINGS  (+).  COST  (-): 

Demand: 

0  kW/month  X 

$1.787/kW  X 

12  months/year 

=  (+) 

$0  per  year 

Maintenance:  =  (-) 

$4,247  per  year 

Total: 

$0 

$4,247 

($4,247)  per  year 

tECO-SHT.WK31 
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PC-CUBE  VERSION  2.0.3 
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CENTRAL  PLANT  5900  BASELINE 

SYSTEM  Cl  NORMAL  HEATING  AND  COOLING  LOADS 

FUEL  AND  POWER  CONSUMPTION  SYSTEM  Cl 


**  TOTAL 


TOTAL  GAS  CONSUMP.,  1000  CU  FT  172256. 

PEAK  DAY  GAS  CONSUMP.,  1000  CU  FT  1663. 

ELECTRICAL  CONSUMPTION,  KWH  2224028. 

PEAK  KW  DEMAND  (15  MIN  BASIS)  1886. 

PURCHASED  ELECTRIC  POWER 

ON-PEAK  CONSUMPTION  KWH  2224028. 

ON-PEAK  KW  DEMAND  (15  MIN  BASIS)  1886. 

MID-PEAK  CONSUMPTION  KWH  0. 

MID-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

OFF-PEAK  CONSUMPTION  KWH  0. 

OFF-PEAK  IW  DEMAND  (15  MIN  BASIS)  0. 

GENERATED  ELECTRICAL  POWER  KWH  0. 

SOLD  ELECTRICAL  POWER  KWH  0. 

AUXILIARY  FUEL  CONSUMPTION  0. 

DIR.  PROC.  GAS  CONSUMP.,  1000  CF  0. 

CHILLER  OPERATING  HOURS 

CHILLER  1  3672 

CHILLER  2  2215 

CHILLER  3  810 

CHILLER  4  419 

CHILLER  5  84 

BOILER  OPERATING  HOURS 

BOILER  1  3624 

BOILER  2  3624 

BOILER  3  3443 

BOILER  4  2445 

BOILER  5  1720 

BOILER  6  910 

RECOVERABLE  HEAT  USED,  MBTU  0. 

RECOVERABLE  HEAT  UNUSED,  MBTU  0. 


Total  additional  annual  energy  use  due  to  operating  chillers  3,  4,  and  5 
more  than  necessary:  519,104  kWh/yr 

Total  electrical  consumption:  2,743,132  kWh/yr 
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PC-CUBE  VERSION  2,0.3 
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CENTRAL  PLANT  5900  BOILER  ECO- 4 

SYSTEM  Cl  NORMAL  HEATING  AND  COOLING  LOADS 


**  TOTAL  ** 


FUEL  AND  POWER  CONSUMPTION  SYSTEM  Cl 

TOTAL  GAS  CONSUMP.,  1000  CU  FT  168871. 

PEAK  DAY  GAS  CONSUME.,  1000  CU  FT  1636. 

ELECTRICAL  CONSUMPTION,  KWH  2213589. 

PEAK  KW  DEMAND  (15  MIN  BASIS)  1874. 

PURCHASED  ELECTRIC  POWER 

ON-PEAK  CONSUMPTION  KWH  2213589. 

ON-PEAK  KW  DEMAND  (15  MIN  BASIS)  1874. 

MID-PEAK  CONSUMPTION  KWH  0. 

MID-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

OFF-PEAK  CONSUMPTION  KWH  0. 

OFF-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

GENERATED  ELECTRICAL  POWER  KWH  0. 

SOLD  ELECTRICAL  POWER  KWH  0. 

AUXILIARY  FUEL  CONSUMPTION  0. 

DIR.  PROC.  GAS  CONSUME.,  1000  CF  0. 

CHILLER  OPERATING  HOURS 

CHILLER  1  3672 

CHILLER  2  2215 

CHILLER  3  810 

CHILLER  4  419 

CHILLER  5  101 

CHILLER  6  0 

BOILER  OPERATING  HOURS 

BOILER  1  3624 

BOILER  2  3624 

BOILER  3  3407 

BOILER  4  2392 

BOILER  5  1660 

BOILER  6  851 

RECOVERABLE  HEAT  USED,  MBTU  0. 

RECOVERABLE  HEAT  UNUSED,  MBTU  0. 
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SPECIFICATIONS  -  AIR-MIZER  II  SYSTEM 


SENSOR 


Nominal  Dimensions:  14Vi"H  x 
lO'A^W  X  10  "D  (37.2  x  26  x  25.4  cm) 

Enclosure:  Weather  resistant— S.S. 
case,  nickel  plated  carbon  steel 
base 

Weight:  55  pounds  (25  kg) 

Accuracy:  ±  1  %  of  net  excess  oxy¬ 
gen 

Repeatability:  ±0.2%  of  measured 
value 

Response:  90%  of  full  scale  In  less 
than  5  seconds 

Drift:  Less  than  0.1  %  of  sensor  cell 
output  per  month 

Ambient  Temperatures:  ~5  to 
+  175T(-20.5to  +79*^0) 

Sample  Temperatures:  Upto1300®F 
(704  ®C)  with  standard  probe 

Sample  Flow  Rate:  0.1  to  120  scfh 
(0.47  to  56.65  llters/mlnute) 

Air  Aspirator  Requirements:  10  to 
20  scfh  (4.72  to  14.16  liters/  min) 
at  15-100  psi  (1.05  to  7.037  kg/cm*) 
(Aspirator  air  regulator  furnished 
with  sensor  normally  set  at  2-7 
psI;  0.14  -  0.49  kg/cm^) 

Calibration:  With  analyzed  oxygen 
In  nitrogen  sample.  Calibration 
port  provided. 

CONTROL  UNIT 

Nominal  Dimensions:  12V."H  x 
10%  "W  X  9%"D  (32.1  x  27.6  x  23.2 
cm) 

Enclosure:  Wall/panel  mounted- 
meets  the  requirements  for  NEMA 
4  areas 

Weight:  22  pounds  (10  kg) 


Temperature  Control:  On-Off  by  mi¬ 
croprocessor  ( ±  1  "C) 

Linearization:  256  segments  from 
20%  to  0.2%  O,.  (218  from  10%  to 
0.2%),  by  microprocessor 

Controller  Action:  On-Off— “On" 
time  adjustable  2-20  seconds. 
"Off"  time  adjustable  2-60 
seconds. 

Deadband:  ±  0.25%  oxygen. 
LED’s  indicate  motor  driving. 

Will  not  allow  decrease  In  air 
when  Oj  Is  below  0.5%  oxygen. 
Air  flow  will  increase  to  +15% 
max.  If  O,  level  Is  above  12%. 

Setpoint:  0  to  10%  oxygen  by  either 
of:  A.  Two  banks  of  5  slide  pots, 
(Dual  Fuel)  selectable  by  slide 
switch;  proper  pot  or  pots  con¬ 
nected  to  processor  by  switch  in 
actuator.  B.  Manual  pot  on  panel 
A  or  B  selected  by  Remote/Local 
switch  on  panel.  Setpoint  In¬ 
dicated  by  edge  reading  meter 
(0-10%) 


Manual  Control:  Manual/Auto 
switch  and  Increase— decrease 
push  buttons  (Spring  return 
switch  Inside  control  unit  can 
override  ail  control  actions  In  the 
event  of  processor  failure). 

Ready  Indicator:  On  at  temperature 
set  point.  Off  below  temperature 
set  point.  Flashes  above  tempera¬ 
ture  set  point.  O,  Control  In 
"manual"  when  below  set  point. 

Oxygen  Scale:  20.9  to  0.1%  O, 
Logarithmic 

Alarms:  High  and  Low  O,  adjustable 
0.2  to  20%.  RTD  Failure  (shuts 
down  temperature  control,  and 
puls  Oj  control  In  "manual"). 


Increase  Air  Override:  Contact  clo¬ 
sure  from  optional  combustibles 
or  smoke  detector  alarm  will 
cause  Increase  In  air  signal  on 
each  control  pulse  regardless  or 
O,  vs.  Oj  setpoint  relationship. 
Once  combustibles  contact  opens, 
normal  control  will  resume.  This 
maintains  air  flow  at  a  level  where 
maximum  allowable  combustibles 
or  smoke  Is  not  exceeded. 

Ambient  Temperature  Limits:  32  T 

to  140T  (0  to  +60X) 

Recorder  Output:  0-100  mv  = 
0-20%  Oj  Linear  (0-50  mv  =0-10%) 
Other  current  or  voltages  outputs 
optional 


ACTUATOR 


*• 

\\  1 


Overall  Size:  17V2"L  x  4"W  x 
10%  "H  (44.5  X  10.2  x  26  cm) 

Weight:  16.5  pounds  (7.5  kg) 
Angular  Travel  (Input  Arm):  60“ 

Linear  Link  Travel:  Adjustable  4^"  to 
10"  at  4"  to  10"  Radius  (10.2  to 
25.4  cm  at  10.2  to  25.4  cm  Radius) 
Linear  Link  Force:  100  pounds  at 
4"  Radius  (45.5  kg  at  10.2  cm 
Radius) 

70  pounds  at  6"  Radius  (31,8  kg  at 
15.2  cm  Radius) 

40  pounds  at  10"  Radius  (18,2  kg 
at  25,4  cm  Radius) 

Case:  Suitable  for  areas  requiring 
NEMA  2  equipment  (Drip  proof  in¬ 
door) 

Correction:  -  15%  to  +  15%  (.85  to 
1.15  gain)  of  normal  air  flow 
Speed:  60  seconds  from  -15%  to 
+ 15%  correction  (max.) 

Load  Indication:  9  position  shorting 
switch  tied  to  Input  arm 

Brake:  Internal  brake  will  hold  load 
at  any  above /rated  force  without 
"coasting" 

Ambient  Temperature  Limits:  0“F  to 
160“F(--18to  +71“C) 
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COST  ESTIMATE  ANALYSIS  •  INVITATION  NO./CONTRACT  NO.  EFFECTIVE  PRICING  I  DATE  PREPARED 

_ DACA  59 -90 - C -0087  _ DATE  APR.  91 _ 08-Apr-91 _ 

PROJECT  ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER _  _  CODE  A  X  CODE  b|  |  CODE  C  DRAWING  NO.  SHT  OF 

LOCATION  FT.  SILL.  OKLAHOMA  I _ I  OTHER  _ _ 

ESTIMATOR  KC  CHECKED  BY  CEL 
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LIFE  CYCLE  COST  ANALYSIS  SUMMARY  STUDY;  5900EC10 

ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP)  LCCID  1.035 

INSTALLATION  &  LOCATION:  FT.  SILL,  OKLAHOMA  REGION  NOS.  6  CENSUS;  3 
PROJECT  NO.  &  TITLE:  3002-000  ENERGY  SURVEY  OF  ARMY  BOILER/CHILLERS 
FISCAL  YEAR  1991  DISCRETE  PORTION  NAME;  BOILER  02  TRIM  CONTROL 
ANALYSIS  DATE;  04-10-91  ECONOMIC  LIFE  15  YEARS  PREPARED  BY;  KC 


3. 


4. 

5. 

6. 


INVESTMENT 

A.  CONSTRUCTION  COST 

B.  SIOH 

C.  DESIGN  COST 

D.  ENERGY  CREDIT  CALC  ( 1A+1B+1C)X. 9 

E.  SALVAGE  VALUE  COST 

F.  TOTAL  INVESTMENT  (ID-IE) 


$ 

$ 

$ 

$ 

-$ 

$ 


41716. 

2295. 

2503. 

41863. 

0. 

41863. 


ENERGY  SAVINGS  (+)  /  COST  (-) 

ANALYSIS  DATE  ANNUAL  SAVINGS,  UNIT  COST  &  DISCOUNTED  SAVINGS 


UNIT  COST 

SAVINGS 

ANNUAL  $ 

DISCOUNT 

DISCOUNTED 

FUEL 

$/MBTU ( 1 ) 

MBTU/YR(2) 

SAVINGS ( 3 ) 

FACTOR(4) 

SAVINGS (5) 

A. 

ELECT 

$  4.01 

0. 

$  0. 

8.78 

0. 

B. 

DIST 

$  .00 

0. 

$  0. 

12.34 

0. 

C. 

RESID 

$  .00 

0. 

$  0. 

12.05 

0. 

D. 

NAT  G 

$  2.92 

3182. 

$  9291. 

12.48 

115957. 

E. 

COAL 

$  .00 

0. 

$  0. 

10.01 

0. 

F. 

TOTAL 

3182. 

$  9291. 

$  115957. 

NON 

ENERGY 

SAVINGS (+)  / 

COST(-) 

A. 

ANNUAL 

RECURRING  (+/ 

-) 

$  -4247. 

(1)  DISCOUNT  FACTOR  (TABLE  A) 

(2)  DISCOUNTED  SAVING/COST  (3A  X  3A1) 


9.11 


C. 

D. 


TOTAL  NON  ENERGY  DISCOUNTED  SAVINGS (+)  /COST(-)  (3A2+3Bd4) 

$ 


-38690. 


-38690. 


PROJECT  NON  ENERGY  QUALIFICATION  TEST 

(1)  25%  MAX  NON  ENERGY  CALC  (2F5  X  .33)  $  38266. 

A  IF  3D1  IS  =  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  =  (2F5+3D1)/1F)= 

C  IF  3D1B  IS  =  >  1  GO  TO  ITEM  4 

D  IF  3D1B  IS  <  1  PROJECT  DOES  NOT  QUALIFY 

FIRST  YEAR  DOLLAR  SAVINGS  2F3+3A+(3B1D/ (YEARS  ECONOMIC  LIFE))  $  5044. 

TOTAL  NET  DISCOUNTED  SAVINGS  (2F5+3C)  $  77267. 

DISCOUNTED  SAVINGS  RATIO  (SIR)=(5  /  1F)=  1.85 

(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 


7.  SIMPLE  PAYBACK  PERIOD  (ESTIMATED)  SPB=lF/4 


8.30 
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ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 
FT.  SILL,  OKLAHOMA 

CENTRAL  PLANT:  5900 

ENERGY  CONSERVATION  OPPORTUNITY:  ECO-  12 

SYSTEM  MODIFICATION:  STACK  ECONOMIZERS 
SYSTEMS  TO  MODIFY:  BOILER  1  THROUGH  6 


CALCULATION  DESCRIPTION: 

Two  spread  sheets  are  compared  to  determine  the  energy  savings  for 
ECO-12,  install  stack  economizer  for  boilers. 

The  spread  sheets  is  a  simulation  of  the  existing  structure,  equipment,  and 

systems,  and  how  they  are  presently  operated.  The  spread  sheets  is  also  a 

simulation  of  the  existing  building  with  modifications  implemented  in  the  systems,  equipment, 

or  the  operation.  The  difference  in  the  totals  from  the  spread  sheets  represents  the  savings. 


ANNUAL  UTILITY  SAVINGS 


PC  CUBE  RUN 

Electric 

Nat.  Gas 
(MMBtul 

Total  Energy 
(MMBtu) 

Demand(kW) 

Enerqy{kWh) 

Baseline 

— 

— 

172,255 

172,255 

ECO 

— 

— 

165,866 

165,866 

Savinas  (Baseline-ECO) 

0 

0 

6.389 

6.389 

NOTE:  The  savings  for  this  ECO  did  not  consider  any  interrelated  savings  with  other 

ECOs  identified  as  economically  feasible. 


ENERGY  COST  SAVINGS: 


Electricity:  0  MMBtu/Yr 

X 

$4.0141  /MMBtu  = 

$0  per  year 

Nat.  Gas:  6389  MMBtuA'r 

X 

$2.92 /MMBtu  = 

$18,656  per  year 

Total  Energy  Cost  Savings: 

$0  + 

$18,656 

$18,656  per  year 

NON-ENERGY  SAVINGS  (+),  COST  (-): 

Demand:  0  kW/month 

X 

$1.787/kW  X 

12  months/year 

=  (+) 

$0  per  year 

Maintenance:  =  (-) 

$0  per  year 

Total:  $0  - 

$0 

$0  per  year 

tECO-SHT.WK31 
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PC-CUBE  VERSION  2.0.3 

CENTRAL  PLANT  5900  BASELINE 

SYSTEM  Cl  NORMAL  HEATING  AND  COOLING  LOADS 


FUEL  AND  POWER  CONSUMPTION  SYSTEM  Cl 

TOTAL  GAS  CONSUME.,  1000  CU  FT  172256. 

PEAK  DAY  GAS  CONSUMP.,  1000  CU  FT  1663. 

ELECTRICAL  CONSUMPTION,  KWH  2224028. 

PEAK  KW  DEMAND  (15  MIN  BASIS)  1886. 

PURCHASED  ELECTRIC  POWER 

ON-PEAK  CONSUMPTION  KWH  2224028. 

ON-PEAK  KW  DEMAND  (15  MIN  BASIS)  1886. 

MID-PEAK  CONSUMPTION  KWH  0. 

MID-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

OFF-PEAK  CONSUMPTION  KWH  0. 

OFF-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

GENERATED  ELECTRICAL  POWER  KWH  0. 

SOLD  ELECTRICAL  POWER  KWH  0. 

AUXILIARY  FUEL  CONSUMPTION  0. 

DIR.  PROC.  GAS  CONSUMP.,  1000  CF  0. 

CHILLER  OPERATING  HOURS 

CHILLER  1  3672 

CHILLER  2  2215 

CHILLER  3  810 

CHILLER  4  419 

CHILLER  5  84 

BOILER  OPERATING  HOURS 

BOILER  1  3624 

BOILER  2  3624 

BOILER  3  3443 

BOILER  4  2445 

BOILER  5  1720 

BOILER  6  910 
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**  TOTAL  ** 


RECOVERABLE  HEAT  USED,  MBTU  0. 

RECOVERABLE  HEAT  UNUSED,  MBTU  0. 


Total  additional  annual  energy  use  due  to  operating  chillers  3,  4,  and  5 
more  than  necessary:  519,104  kWh/yr 

Total  electrical  consumption:  2,743,132  kWh/yr 
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PC'CUBE  VERSION  2.0.3 

CENTRAL  PLANT  5900  BOILER  ECO- 6 

SYSTEM  Cl  NORMAL  HEATING  AND  COOLING  LOADS 


FUEL  AND  POWER  CONSUMPTION  SYSTEM  Cl 


TOTAL  GAS  CONSUME.,  1000  CU  FT 

165866. 

PEAK  DAY  GAS  CONSUME.,  1000  CU  FT 

1617. 

ELECTRICAL  CONSUMPTION,  KWH 

2213589. 

PEAK  KW  DEMAND  (15  MIN  BASIS) 

1874. 

PURCHASED  ELECTRIC  POWER 

ON-PEAK  CONSUMPTION  KWH 

2213589. 

ON-PEAK  KW  DEMAND  (15  MIN  BASIS) 

1874. 

MID-PEAK  CONSUMPTION  KWH 

0. 

MID-PEAK  KW  DEMAND  (15  MIN  BASIS) 

0. 

OFF-PEAK  CONSUMPTION  KWH 

0. 

OFF-PEAK  KW  DEMAND  (15  MIN  BASIS) 

0. 

GENERATED  ELECTRICAL  POWER  KVffl 

0. 

SOLD  ELECTRICAL  POWER  KWH 

0. 

AUXILIARY  FUEL  CONSUMPTION 

0. 

DIR.  PROC.  GAS  CONSUME.,  1000  CF 

0. 

CHILLER  OPERATING  HOURS 

CHILLER  1 

3672 

CHILLER  2 

2215 

CHILLER  3 

810 

CHILLER  4 

419 

CHILLER  5 

101 

CHILLER  6 

0 

BOILER  OPERATING  HOURS 

BOILER  1 

3624 

BOILER  2 

3624 

BOILER  3 

3311 

BOILER  4 

2368 

BOILER  5 

1649 

BOILER  6 

795 

RECOVERABLE  HEAT  USED,  MBTU 

0. 

RECOVERABLE  HEAT  UNUSED,  MBTU 

0. 
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LIFE  CYCLE  COST  ANALYSIS  SUMMTVRY  STUDY:  5900EC11 

ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP)  LCCID  1.035 

INSTALLATION  &  LOCATION:  FT.  SILL,  OKLAHOMA  REGION  NOS.  6  CENSUS:  3 

PROJECT  NO.  &  TITLE:  3002-000  ENERGY  SURVEY  OF  ARMY  BOILER/ CHILLERS 
FISCAL  YEAR  1991  DISCRETE  PORTION  NAME:  ECONOMIZER  AIR  PREHEAT 
ANALYSIS  DATE:  04-11-91  ECONOMIC  LIFE  25  YEARS  PREPARED  BY:  KC 

1 .  INVESTMENT 

A.  CONSTRUCTION  COST 

B.  SIOH 

C.  DESIGN  COST 

D.  ENERGY  CREDIT  CALC  ( 1A+1B+1C)X. 9 

E.  SALVAGE  VALUE  COST 

F.  TOTAL  INVESTMENT  (ID-IE) 

2.  ENERGY  SAVINGS  (+)  /  COST  (-) 

ANALYSIS  DATE  ANNUAL  SAVINGS,  UNIT  COST  &  DISCOUNTED  SAVINGS 


UNIT  COST 

SAVINGS 

ANNUAL  $ 

DISCOUNT 

DISCOUNTED 

FUEL 

$/MBTU{l) 

MBTU/YR(2) 

SAVINGS ( 3 ) 

FACTOR(4) 

SAVINGS ( 5 ) 

A. 

ELECT 

$  4.01 

0. 

$ 

0. 

11.37 

0. 

B. 

DIST 

$  .00 

0. 

$ 

0. 

17.06 

0. 

C. 

RESID 

$  .00 

0. 

$ 

0. 

16.85 

0. 

D. 

NAT  G 

$  2.92 

6389. 

$ 

18656. 

17.52 

326851. 

E. 

COAL 

$  .00 

0. 

$ 

0. 

13.34 

0. 

F. 

TOTAL 

6389. 

$ 

18656. 

$  326851. 

NON 

ENERGY 

SAVINGS (+)  / 

COST(-) 

A. 

ANNUAL 

RECURRING  (+/ 

$  0. 

(1)  DISCOUNT  FACTOR 

(TABLE  A) 

11.65 

(2)  DISCOUNTED  SAVING/COST  (3A  X 

3A1) 

$  0. 

C.  TOTAL  NON  ENERGY  DISCOUNTED  SAVINGS(+)  /COST(-)  (3A2+3Bd4)  $  0. 


D.  PROJECT  NON  ENERGY  QUALIFICATION  TEST 

(1)  25%  MAX  NON  ENERGY  CALC  (2F5  X  .33)  $  107861. 

A  IF  3D1  IS  =  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  =  (2F5+3D1)/1F)=  _ 

C  IF  3D1B  IS  =  >  1  GO  TO  ITEM  4 

D  IF  3D1B  IS  <  1  PROJECT  DOES  NOT  QUALIFY 

4.  FIRST  YEAR  DOLLAR  SAVINGS  2F3+3A+ ( 3B1D/ (YEARS  ECONOMIC  LIFE))  $  18656. 

5.  TOTAL  NET  DISCOUNTED  SAVINGS  (2F5+3C)  $  326851. 

6.  DISCOUNTED  SAVINGS  RATIO  (SIR)=(5  /  1F)=  2.45 

(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 

7.  SIMPLE  PAYBACK  PERIOD  (ESTIMATED)  SPB=lF/4  7.16 


$  133077. 

$  7320. 

$  7985. 

$  133544. 

-$  0. 

$  133544. 
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ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 
FT.  SILL,  OKLAHOMA 


CENTRAL  PLANT:  5900 

ENERGY  CONSERVATION  OPPORTUNITY:  ECO-  13 

SYSTEM  MODIFICATION:  VARIABLE  SPEED  PUMPING 
SYSTEMS  TO  MODIFY:  CENTRAL  PLANT 


CALCULATION  DESCRIPTION: 

Two  PC-CUBE  program  computer  runs  and  spread  sheet  are  compared  to  determine  the  energy  savings  for 
ECO-13,  install  variable  speed  pumping. 

The  first  computer  run  (Baseline)  is  a  simulation  of  the  existing  structure,  equipment,  and 
systems,  and  how  they  are  presently  operated.  The  second  computer  run  (ECO)  is  also  a 
simulation  of  the  existing  building  with  modifications  implemented  in  the  systems,  equipment, 
or  the  operation.  The  difference  in  the  totals  from  the  two  computer  runs  represents  the  savings. 


ANNUAL  UTILITY  SAVINGS 


Electric 

Nat.  Gas 

Total  Energy 

PC  CUBE  RUN 

Demand(kW) 

Energy(kWh) 

(MMBtu) 

(MMBtu) 

Baseline 

— 

2,224,000 

— 

7,591 

ECO 

— 

2,021,000 

- 1 

6,898 

Savings  (Baseline -ECO) 

0 

203.000 

0 

693 

NOTE:  The  savings  for  this  ECO  did  not  consider  any  interrelated  savings  with  other 

ECOs  identified  as  economically  feasible. 


ENERGY  COST  SAVINGS: 


Electricity: 

692.839  MMBtuA'r 

X 

$4.0141  /MMBtu  = 

$2,781  per  year 

Nat.  Gas: 

0  MMBtum 

X 

$2.92 /MMBtu  = 

$0  per  year 

Total  Energy  Cost  Savings: 

$2,781 

+ 

$0 

$2,781  per  year 

NON  -ENERGY  SAVINGS  (+),  COST  (-): 

Demand:  0  kW/month  X  $1.787/kW  X  12  months/year 


=  (+) 

$0  per  year 

Maintenance: 

=  (-) 

$2,507  per  year 

Total: 

$0 

$2,507 

= 

($2,507)  per  year 

[ECO-SHT.WK3I 
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PC-CUBE  VERSION  2.0.3 


PAGE  NO.  24 


CENTRAL  PLANT  5900  BASELINE 

SYSTEM  Cl  NORMAL  HEATING  AND  COOLING  LOADS 


FUEL  AND  POWER  CONSUMPTION  SYSTEM  Cl 

TOTAL  GAS  CONSUME.,  1000  CU  FT  172256. 

PEAK  DAY  GAS  CONSUME.,  1000  CU  FT  1663. 

ELECTRICAL  CONSUMPTION,  KWH  2224028. 

PEAK  KW  DEMAND  (15  MIN  BASIS)  1886. 

PURCHASED  ELECTRIC  POWER 

ON-PEAK  CONSUMPTION  KWH  2224028. 

ON-PEAK  KW  DE34AND  (15  MIN  BASIS)  1886. 

MID-PEAK  CONSUMPTION  KWH  0. 

MID-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

OFF-PEAK  CONSUMPTION  KWH  0, 

OFF-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

GENERATED  ELECTRICAL  POWER  KWH  0. 

SOLD  ELECTRICAL  POWER  KWH  0. 

AUXILIARY  FUEL  CONSUMPTION  0. 

DIR.  PROC.  GAS  CONSUME.,  1000  CF  0. 

CHILLER  OPERATING  HOURS 

CHILLER  1  3672 

CHILLER  2  2215 

CHILLER  3  810 

CHILLER  4  419 

CHILLER  5  84 

BOILER  OPERATING  HOURS 

BOILER  1  3624 

BOILER  2  3624 

BOILER  3  3443 

BOILER  4  2445 

BOILER  5  1720 

BOILER  6  910 

RECOVERABLE  HEAT  USED,  MBTU  0. 

RECOVERABLE  HEAT  UNUSED,  MBTU  0. 


**  TOTAL  ** 


Total  additional  annual  energy  use  due  to  operating  chillers  3,  4,  and  5 
more  than  necessary:  519,104  kWh/yr 

Total  electrical  consumption:  2,743,132  kWh/yr 
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PC-CUBE  VERSION  2.0.3 

CENTRAL  PLANT  5900  ECO  C7-  VARIABLE  SPEED  PUMPING 
SYSTEM  Cl  NORMAL  HEATING  AND  COOLING  LOADS 


**  TOTAL  ** 


FUEL  AND  POWER  CONSUMPTION  SYSTEM  Cl 

TOTAL  GAS  CONSUMP. ,  1000  CU  FT  172256. 

PEAK  DAY  GAS  CONSUMP.,  1000  CU  FT  1663. 

ELECTRICAL  CONSUMPTION,  KWH  1970638. 

PEAK  KW  DEMAND  (15  MIN  BASIS)  1694. 

PURCHASED  ELECTRIC  POWER 

ON~PEAK  CONSUMPTION  KWH  1970638. 

ON “PEAK  KW  DEMAND  (15  MIN  BASIS)  1694. 

MID-PEAK  CONSUMPTION  KWH  0. 

MID-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

OFF-PEAK  CONSUMPTION  KWH  0. 

OFF-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

GENERATED  ELECTRICAL  POWER  KWH  0. 

SOLD  ELECTRICAL  POWER  KWH  0. 

AUXILIARY  FUEL  CONSUMPTION  0. 

DIR.  PROC.  GAS  CONSUMP.,  1000  CF  0. 

CHILLER  OPERATING  HOURS 

CHILLER  1  3672 

CHILLER  2  2215 

CHILLER  3  810 

CHILLER  4  419 

CHILLER  5  84 

BOILER  OPERATING  HOURS 

BOILER  1  3624 

BOILER  2  3624 

BOILER  3  3443 

BOILER  4  2445 

BOILER  5  1720 

BOILER  6  910 

RECOVERABLE  HEAT  USED,  MBTU  0. 

RECOVERABLE  HEAT  UNUSED,  MBTU  0. 


Total  electrical  consumption  = 


PC-CUBE  est.  1,970,638  kWh 
Spead  sheet  est. 50, 616  kWh 
Total  2,021,254  kWh 
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VARIABLE  PUMPING  ESTIMATE 


PERCENT 

LOAD 

GPM 

@  PERCENT 
LOAD 

PART 

LOAD 

HRS 

PRESSURE 

FT.HD. 

BHP 

HP 

kW 

kWh 

10 

369 

496 

1.6 

0.19 

0.21 

0.15 

77 

20 

738 

961 

r  6.4 

1.49 

1.66 

1.24 

1188 

30 

1107 

1184 

14.4 

5.b3 

5.59 

4.17 

4938 

40 

1476 

221 

25.6 

11.93 

13.25 

9.89 

2185 

50 

1845 

116 

40 

23.30 

25.88 

19.31 

2240 

60 

2214 

275 

57.6 

40.25 

44.73 

33.37 

9176 

70 

2583 

298 

78.4 

“63.92 

71 .03 

52.98 

15789 

80 

2952 

37 

102.4 

95.42 

i  06.02 

79.09 

2926 

90 

■  3321' 

“21 

1 29.6 

135^86 

150.95 

112.61 

2365 

ibb 

“  369b 

63 

160 

186.36 

20707 

“154.47 

9732 

3672" 

50616 

1.  MAXIMUM  (100%)  GPM  FIXED  AT  CURRENT  FLOW  RATE,  3690  GPM 

2.  PART  LOAD  HRS  FROM  CHILLER  BASE  LOAD  RUN  FOR  INSTRUMENTATION  ECO 

3.  MAXIMUM  PRESSURE  FT. HD  FOR  PUMPING,  ESTIMATE  160  FT.HD. 

NEW  PRESSURE  =  OLD  PRESSURE  TIME  THE  RATIO  OF  THE  SQUARE  OF  THE  FLOWS 

4.  BHP  EQUAL  TO  GPM  TIME  HEAD  DIVID  BY  3960  AND  80%  EFFICIENCY 

5.  HP  EQUAL  TO  BHP  DIVIDED  BY  90%  EFFICIENCY 

6.  kW  EQUAL  TO  HP  TIMES  .746  kW  per  HP 

7.  kWh  EQUAL  TO  kW  TIMES  HOURS 
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LIFE  CYCLE  COST  ANALYSIS  SUMMARY  STUDY:  5900EC13 

ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP)  LCCID  1.035 

INSTALLATION  &  LOCATION:  FT.  SILL,  OKLAHOMA  REGION  NOS.  6  CENSUS:  3 

PROJECT  NO.  &  TITLE:  3002-000  ENERGY  SURVEY  OF  ARMY  BOILER/CHILLERS 
FISCAL  YEAR  1991  DISCRETE  PORTION  NAME:  VARIABLE  SPEED  PUMPING 
ANALYSIS  DATE:  04-15-91  ECONOMIC  LIFE  25  YEARS  PREPARED  BY:  KC 

1 .  INVESTMENT 

A.  CONSTRUCTION  COST 

B.  SIOH 

C.  DESIGN  COST 

D.  ENERGY  CREDIT  CALC  (1A+1B+1C)X.9 

E.  SALVAGE  VALUE  COST 

F.  TOTAL  INVESTMENT  (ID-IE) 

2.  ENERGY  SAVINGS  (+)  /  COST  (-) 

ANALYSIS  DATE  ANNUAL  SAVINGS,  UNIT  COST  &  DISCOUNTED  SAVINGS 


UNIT  COST 

SAVINGS 

ANNUAL  $ 

DISCOUNT 

DISCOUNTED 

FUEL 

$/MBTU(l) 

MBTU/YR(2) 

SAVINGS ( 3 ) 

FACTOR(4) 

SAVINGS ( 5 ) 

A. 

ELECT 

$  4,01 

693. 

$  2782. 

11.37 

31628. 

B. 

DIST 

$  .00 

0. 

$  0. 

17.06 

0. 

C* 

RESID 

$  .00 

0. 

$  0. 

16.85 

0. 

D. 

NAT  G 

$  2.92 

0. 

$  0. 

17.52 

0. 

E. 

COAL 

$  .00 

0. 

$  0. 

13.34 

0. 

F. 

TOTAL 

693. 

$  2782. 

$  31628. 

NON 

ENERGY 

SAVINGS (+)  / 

COST  ( -- ) 

A. 

ANNUAL 

RECURRING  (+/ 

$  -2507. 

(1)  DISCOUNT  FACTOR 

(TABLE  A) 

11.65 

(2)  DISCOUNTED  SAVING/COST  (3A  X 

3A1) 

$  -29207. 

C.  TOTAL  NON  ENERGY  DISCOUNTED  SAVINGS(+)  /COST(-)  (3A2+3Bd4)  $  -29207. 


D.  PROJECT  NON  ENERGY  QUALIFICATION  TEST 

(1)  25%  MAX  NON  ENERGY  CALC  (2F5  X  .33)  $ 

A  IF  3D1  IS  =  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  =  (2F5+3D1)/1F) 

C  IF  3D1B  IS  =  >  1  GO  TO  ITEM  4 

D  IF  3D1B  IS  <  1  PROJECT  DOES  NOT  QUALIFY 

4.  FIRST  YEAR  DOLLAR  SAVINGS  2F3+3A+(3B1D/ (YEARS  ECONOMIC  LIFE))  $  275. 

5.  TOTAL  NET  DISCOUNTED  SAVINGS  (2F5+3C)  $  2421. 

6.  DISCOUNTED  SAVINGS  RATIO  (SIR)=(5  /  1F)=  .02 

(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 

7.  SIMPLE  PAYBACK  PERIOD  (ESTIMATED)  SPB=lF/4  546.98 


10437. 


$  149733. 

$  8236. 

$  8984. 

$  150258. 

-$  0. 

$  150258. 
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CENTRAL  PLANT  6003 


ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 
FT.  SILL,  OKLAHOMA 

CENTRAL  PLANT:  6003 

ENERGY  CONSERVATION  OPPORTUNITY:  ECO-  1 

SYSTEM  MODIFICATION:  ADD  INSTRUMENTATION  TO  DETERMINE  LOAD 
SYSTEMS  TO  MODIFY:  CHILLER  PLANT 


CALCULATION  DESCRIPTION: 

Two  PC-CUBE  program  computer  runs  are  compared  to  determine  the  energy  savings  for 
ECO-1 ,  install  instrumentation  to  facilitate  efficient  operation  of  chiller  plant. 

The  first  computer  run  (Baseline)  is  a  simulation  of  the  existing  structure,  equipment,  and 
systems,  and  how  they  are  presently  operated.  The  second  computer  run  (ECO)  is  also  a 
simulation  of  the  existing  building  with  modifications  implemented  in  the  systems,  equipment, 
or  the  operation.  The  difference  in  the  totals  from  the  two  computer  runs  represents  the  savings. 


ANNUAL  UTILITY  SAVINGS 


PC  CUBE  RUN 

E 

lectric 

Nat.  Gas 
(MMBtu) 

Total  Energy 
(MMBtu) 

Demand(kW) 

Energv(kWh) 

Baseline 

— 

977,000 

71 ,623 

74,958 

ECO 

— 

762,000 

71 ,623 

74,224 

Savinas  (Baseline-ECO) 

0 

215.000 

0 

734 

NOTE:  The  savings  for  this  ECO  did  not  consider  any  interrelated  savings  with  other 

ECOs  identified  as  economically  feasible. 


ENERGY  COST  SAVINGS: 

Electricity: 

734  MMBtuA'r  X 

$4.0141  /MMBtu  = 

$2,946  per  year 

Nat.  Gas: 

0  MMBtuA^r  X 

$2.92 /MMBtu  = 

$0  per  year 

Total  Energy  Cost  Savings: 

$2,946  + 

$0 

$2,946  per  year 

NON-ENERGY  SAVINGS  (+).  COST  (-): 

Demaid: 

0  kW/month  X 

$1 .787  /kW  X 

12  months/year 

=  (+) 

$0  per  year 

Maintenance:  =  (-) 

$320  per  year 

Total: 

$0 

$320 

($320)per  year 

[ECO-SHT.WK3) 
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PC-CUBE  VERSION  2.0.3 


PAGE  NO.  21 


CENTRAL  PLANT  6003  BASELINE- 1 

SYSTEM  Cl  NORMAL  HEATING  AND  COOLING  LOADS 

FUEL  AND  POWER  CONSUMPTION  SYSTEM  Cl 


**  TOTAL  ** 


TOTAL  GAS  CONSUME.,  1000  CU  FT  71623. 

PEAK  DAY  GAS  CONSUME.,  1000  CU  FT  703. 

ELECTRICAL  CONSUMPTION,  KWH  976518. 

PEAK  KW  DEMAND  (15  MIN  BASIS)  417. 

PURCHASED  ELECTRIC  POWER 

ON-PEAK  CONSUMPTION  KWH  976518. 

ON-PEAK  KW  DEMAND  (15  MIN  BASIS)  417. 

MID- PEAK  CONSUMPTION  KWH  0. 

MID-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

OFF-PEAK  CONSUMPTION  KWH  0. 

OFF-PEAK  KW  DEMAND  (15  MIN  BASIS)  0, 

GENERATED  ELECTRICAL  POWER  KWH  0. 

SOLD  ELECTRICAL  POWER  KWH  0. 

AUXILIARY  FUEL  CONSUMPTION  0. 

DIR.  PRDC.  GAS  CONSUME.,  1000  CF  0. 

CHILLER  OPERATING  HOURS 

CHILLER  1  3672 

CHILLER  2  3672 

BOILER  OPERATING  HOURS 

BOILER  1  3624 

BOILER  2  2615 

RECOVERABLE  HEAT  USED,  MBTU  0. 

RECOVERABLE  HEAT  UNUSED,  MBTU  0. 
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PC-CUBE  VERSION  2.0.3 

CENTRAL  PLANT  6003  CHILLER  ECO-1 

SYSTEM  Cl  NORMAL  HEATING  AND  COOLING  LOADS 


FUEL  AND  POWER  CONSUMPTION  SYSTEM  Cl 

TOTAL  GAS  CONSUME.,  1000  CU  FT  71623. 

PEAK  DAY  GAS  CONSUMP.,  1000  CU  FT  703. 

ELECTRICAL  CONSUMPTION,  KWH  761852. 

PEAK  KW  DEMAND  (15  MIN  BASIS)  445. 

PURCHASED  ELECTRIC  POWER 

ON-PEAK  CONSUMPTION  KWH  761852. 

ON-PEAK  KW  DEMAND  (15  MIN  BASIS)  445. 

MID- PEAK  CONSUMPTION  KWH  0. 

MID-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

OFF-PEAK  CONSUMPTION  KWH  0. 

OFF-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

GENERATED  ELECTRICAL  POWER  KWH  0. 

SOLD  ELECTRICAL  POWER  KWH  0. 

AUXILIARY  FUEL  CONSUMPTION  0. 

DIR.  PRDC.  GAS  CONSUMP.,  1000  CF  0. 

CHILLER  OPERATING  HOURS 

CHILLER  1  3672 

CHILLER  2  288 

BOILER  OPERATING  HOURS 

BOILER  1  3624 

BOILER  2  2615 

RECOVERABLE  HEAT  USED,  MBTU  0. 

RECOVERABLE  HEAT  UNUSED,  MBTU  0. 
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**  TOTAL  ** 


D-6003-3 


ECO-1,  INSTRUMENTATION  FOR  CHILLER  PLANT 
(TYPICAL) 


CWP-1 


/ 

(NEW)^ 


FROM  BLDGs. 


[£]  FLOW  METER 

[7]  TEMPERATURE  SENSORS 


[C-ECO-l.DWG] 


D-6003-4 


DATE  PREPARED 

04-Apr-91 

SHT  OF 

CHECKED  BY  CEL 

(3 

Total 

Wt 

z 

CL 

9= 

I 

CO 

Unit 

Wt 

EFFECTIVE  PRICING 

DATE  APR.  91 

DRAWING  NO. 

KC 

TOTAL 

$504 

$504 

$961 

$938 

$120 

$496 

$3,523 

$564 

$352 

$4,439 

00 

00 

CO 

CM 

CO 

U) 

$293 

o 

CM 

<D 

in 

ESTIMATOR 

MATERIAL  I 

Cost 

$328 

00 

<M 

CO 

$764 

$820 

$120 

$316 

$2,676 

1  $428 

$268 

$3,372 

(0 

$4,046 

$223 

1  $4,269 

INVITATION  NO./CONTRACT  NO. 

DACA  59 -90 -C -0087 

Unit 

Price 

CO 

CJ 

CO 

$328 

$764 

$820 

09$ 

$158 

CODE  C 

EQUIPMENT 

Cost 

X  CODE  b1 

OTHER 

Unit  1 

Price 

CODE  A 

LABOR 

Cost 

$176 

$176 

$197 

$118 

$180 

$847 

<0 

CO 

$85 

(D 

$213 

$1,281 

$70 

$1,351 

Unit 

Price 

$176 

$176 

$197 

$20 

$20 

1 

COST  ESTIMATE  ANALYSIS 

PROJECT  ENERGY  SURVEY  OF  ARMY  BOILER  AND  CH ILLER 

LOCATION  FT.  SILL.  OKLAHOMA 

Total 

Hrs 

6.0 

9.2 

MH/ 

Unit 

6.0 

4.6 

Quantity 

Unit 

Meas 

EA 

EA 

EA 

EA 

EA 

< 

lU 

No.  Of 

Units 

CNJ 

OJ 

16% 

10% 

20% 

5.5% 

CHILLER  ECO-1  BLDG.  6003 

INSTRUMENTATION 

TASK  DESCRIPTION 

INSTRUMENTATION  FOR  2  CHILLERS 

CHWS  TEMPERATURE  SENSOR 

CHWR  TEMPERATURE  SENSOR 

INSERT.  FLOW  METER 

BTU  METER 

LED  DISPLAY 

1  LED  INSTALLATION 

SUBTOTAL 

1  OVERHEAD.  BOND 

PROFIT 

COST  SUB-TOTAL 

1  CONTINGENCY 

1  SUBTOTAL 

< 

ea 

Cfl 

TOTAL  THIS  SHEET 
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LIFE  CYCLE  COST  ANALYSIS  SUMMARY  STUDY:  C6003ECO 

ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP)  LCCID  1.035 

INSTALLATION  &  LOCATION:  FT.  SILL,  OKLAHOMA  REGION  NOS.  6  CENSUS:  3 

PROJECT  NO.  &  TITLE:  3002-000  ENERGY  SURVEY  OF  ARMY  BOILER/CHILLERS 
FISCAL  YEAR  1991  DISCRETE  PORTION  NAME:  CHILLER  INSTRUMENTATION 
ANALYSIS  DATE:  04-08-91  ECONOMIC  LIFE  15  YEARS  PREPARED  BY:  KC 


1.  INVESTMENT 

A.  CONSTRUCTION  COST 

B.  SIOH 

C.  DESIGN  COST 

D.  ENERGY  CREDIT  CALC  ( lA+lB+lC) X. 9 

E.  SALVAGE  VALUE  COST 

F.  TOTAL  INVESTMENT  (ID-IE) 

2.  ENERGY  SAVINGS  (+)  /  COST  (-) 

ANALYSIS  DATE  ANNUAL  SAVINGS,  UNIT  COST  &  DISCOUNTED  SAVINGS 


UNIT  COST 
$/MBTU(l) 


SAVINGS 

MBTU/YR(2) 


ANNUAL  $ 
SAVINGS ( 3 ) 


DISCOUNT 

FACTOR(4) 


A. 

ELECT 

$ 

4.01 

734. 

$ 

2946. 

8.78 

B. 

DIST 

$ 

.00 

0. 

$ 

0. 

12.34 

C. 

RESID 

$ 

.00 

0. 

$ 

0. 

12.05 

D. 

NAT  G 

$ 

2.92 

0. 

$ 

0. 

12.48 

E. 

COAL 

$ 

.00 

0. 

$ 

0. 

10.01 

F. 

TOTAL 

734. 

$ 

2946. 

$ 

NON 

ENERGY 

SAVINGS (+) 

/  COST(-) 

A. 

ANNUAL 

RECURRING 

(+/-) 

A  ^  ^ 

$ 

5327. 

293. 

320. 

5346. 

0. 

5346. 


DISCOUNTED 
SAVINGS (5) 

25868. 

0. 

0. 

0. 

0. 

$  25868. 


^  y  Jb,^  X  U  w  u  \  /  - - 

(2)  DISCOUNTED  SAVING/COST  (3A  X  3A1)  $ 

C.  TOTAL  NON  ENERGY  DISCOUNTED  SAVINGS (+)  /COST{-)  (3A2+3Bd4)  $ 


5.  TOTAL  NET  DISCOUNTED  SAVINGS  (2F5+3C) 

6.  DISCOUNTED  SAVINGS  RATIO  (SIR)= 

(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 

7.  SIMPLE  PAYBACK  PERIOD  (ESTIMATED)  SPB=lF/4 


(SIR)=(5  /  1F)= 


2551. 


D.  PROJECT  NON  ENERGY  QUALIFICATION  TEST 

(1)  25%  MAX  NON  ENERGY  CALC  (2F5  X  .33)  $  8537. 

A  IF  3D1  IS  =  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  =  (2F5+3D1)/1F)=  _ 

C  IF  3D1B  IS  =  >  1  GO  TO  ITEM  4 

D  IF  3D1B  IS  <  1  PROJECT  DOES  NOT  QUALIFY 

4.  FIRST  YEAR  DOLLAR  SAVINGS  2F3+3A+(3B1D/ (YEARS  ECONOMIC  LIFE))  $  3226. 

c  >p<-\n’aT  MirT  nTcr'rtllMT'Bn  filkUTNflR  $  28419. 
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ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 
FT.  SILL,  OKLAHOMA 


CENTRAL  PLANT:  6003 

ENERGY  CONSERVATION  OPPORTUNITY:  ECO-  4 

SYSTEM  MODIFICATION:  INSTALL  ICE  STORAGE  COOLING  SYSTEM 
SYSTEMS  TO  MODIFY: 


CALCULATION  DESCRIPTION: 

Hand  calculation  sheet  was  prepared  to  determine  the  energy  savings  for 
ECO-4,  install  ice  storage  system  for  HVAC  cooling. 

It  was  estimated  that  the  peak  electrical  demand  can  be  saved  by  installing  ice  storage 
cooling  system. 


ANNUAL  UTILITY  SAVINGS 


NOTE:  The  savings  for  this  ECO  did  not  consider  any  interrelated  savings  with  other 

ECOs  identified  as  economically  feasible. 


ENERGY  COST  SAVINGS: 

Electricity:  0  MMBtum  X 

Nat.  Gas:  0  MMBtum  X 

Total  Energy  Cost  Savings:  $0  + 

NON -ENERGY  SAVINGS  (+),  COST  (-): 

Demand:  544  kW/month  X  $1.787/kW  X  12  months/year 

=  (+)  $i  1 ,666  per  year 

Maintenance:  =  (-)  $0  per  year 

Total:  $11,666  -  $0  =  $11,666  per  year 


$4.0141  /MMBtu  =  $0  per  year 

$2.92  /MMBtu  =  $0  per  year 

$0  =  $0  per  year 
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A  new  application  of  an  old  idea  that  can 
cut  air  conditioning  energy  costs  in  half. 


Air  conditioning  during  summer  daytime  hours 
is  the  largest  single  contributor  to  utility 
“peak  demand”  charges.  After  noon,  as  more  air 
conditioners  are  needed  to  maintain  comfortable 
temperatures,  the  increased  demand  for  electricity 
adds  to  that  already  created  by  lighting,  operating 
equipment,  computers  and  thousands  of  other 
uses.  This  requires  the  utility  to  bring  additional, 
more  costly  generating  sources  on  line  to  handle 
its  increased  demand.  Commercial  users  whose 
large  air  conditioning  loads  contribute  to  these 
added  generating  requirements  are  assessed  an 
additional  charge  based  on  their  highest  on-peak 
demand  for  electricity. 

An  Ice  Bank  Stored  Cooling  System  is  either  a 
load-shifting  or  load-leveling  method  which  will 
significantly  lower  demand  charges  during  the 
air  conditioning  season  and,  consequently, 
energy  costs.  It  uses  a  standard  packaged  chiller 
to  produce  solid  ice  at  night  during  off-peak 
periods  when  the  building’s  electrical  needs  are 
at  a  minimum.  The  ice  is  built  and  stored  in 
modular  ice  tanks  to  provide  cooling  to  help  meet 
the  building’s  air  conditioning  load  requirement 
the  following  day. 


Making  ice  at  night  and  using  its  stored  energy 
during  the  day  is  not  a  new  or  experimental  idea. 
This  concept  had  been  employed  for  years  in 
cooling  short-peak  applications  such  as  churches 
and  theatres.  However,  longer  peak  uses  were 
served  by  air-source  rooftop  and  chiller-type 
air  conditioners  which  were  less  costly  to  install. 
Now  there  is  renewed  interest  in  a  broad  use  of 
ice-making  systems  by  both  users  and  utilities 
as  the  best  way  to  offset  rising  operating  costs. 

In  fact.  Stored  Cooling  Systems  are  what  summer- 
peaking  utilities  must  have  to  avoid  the  unbearable 
costs  of  new  generating  plants. 

Ice  Banks  not  only  can  cut  operating  costs  in  half 
but  they  can  also  substantially  reduce  capital 
outlays  when  systems  are  suitably  designed  for 
new  commercial  and  industrial  buildings. 
Engineers  can  specify  half-size  chillers  operating 
24  hours  a  day  rather  than  full-size  chillers 
operating  only  10  or  12  hours  per  day.  In  retrofit 
applications,  an  Ice  Bank  Stored  Cooling  System 
can  often  provide  cooling  for  an  addition  to  a 
building  without  adding  chiller  capacity. 


Atlantic  Southern  Properties  Mays  Landing  NJ 
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How  the  LbVLOAD  System  Works 


The  LEVLCVVD  Ice  Bank  is  a  modular,  Insulated  polyethylene 
tank  containing  a  spiral-wound  plastic  tube  heat  exchanger 
surrounded  with  water.  They  are  available  in  four  sizes -90, 
100, 190  and  570  ton-hours.  At  night  a  75  percent  water - 
25  percent  glycol  solution  from  a  standard  packaged  air 
conditioning  chiller  circulates  through  the  heat  exchanger 
and  extracts  heat  until  eventually  all  the  water  in  the  tank 
is  frozen  solid.  The  ice  is  built  uniformly  throughout  the  tank 
by  the  patented  temperature-averaging  effect  of  closely 
spaced  counterflow  heat  exchanger  tubes.  Figure  5.  Water 
does  not  become  surrounded  by  Ice  during  the  freezing 
process  and  can  move  freely  as  Ice  forms,  preventing 
stress  or  damage  to  the  tank. 


Return  Headers  .  .  Supply  Headers 


Figure  5 


Typical  flow  diagrams  for  a  Partial  Storage  System  are 
shown  in  Figures  6  and  7 

At  night,  the  water-glycol  solution  circulates  through  the 
chiller  and  the  Ice  Bank  heat  exchanger,  bypassing  the 
air  handler  coil.  The  fluid  is  at  26F  and  freezes  the  water 
surrounding  the  heat  exchanger. 

During  the  day,  the  solution  Is  cooled  by  the  Ice  Bank  from 
52F  to  34F.  A  temperature  modulating  valve  set  at  44F  in  a 
bypass  loop  around  the  Ice  Bank  permits  a  sufficient  quantity 
of  52F  fluid  to  bypass  the  Ice  Bank,  mix  with  the  34F  fluid, 
and  achieve  the  desired  44F  temperature.  The  44F  fluid 
enters  the  coil,  where  It  cools  air  from  75F  to  55F  The  fluid 
leaves  the  coil  at  60R  enters  the  chiller  and  is  cooled  to  52R 

It  should  be  noted  that  while  making  ice  at  night  the 
chiller  must  cool  the  water-glycol  solution  to  26F,  rather 
than  produce  44  or  45F  water  temperatures  required  for 
conventional  air  conditioning  systems.  This  has  the  effect 
of  “derating”  the  nominal  chiller  capacity  by  approximately 
30  percent.  Compressor  efficiency,  however,  is  only  slightly 
reduced  because  lower  nighttime  temperatures  result  in 
cooler  condenser  water  from  the  cooling  tower  and  help 
keep  the  unit  operating  efficiently.  Similarly,  air  cooled 
chillers  benefit  from  cooler  condenser  entering  air 
temperatures  at  night 

The  temperature  modulating  valve  in  the  bypass  loop  has 
the  added  advantage  of  providing  unlimited  capacity 
control.  During  many  mild  temperature  days  in  the  spring 
and  fall,  the  chiller  will  be  capable  of  providing  all  the 
necessary  cooling  for  the  building  without  assistance  from 
stored  cooling.  When  the  building’s  actual  cooling  load  is 
equal  to  or  lower  than  the  chiller  capacity,  all  of  the  system 
coolant  flows  through  the  bypass  loop,  as  in  Figure  8. 
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Rgure  8 
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55-60F 
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Temperature 
Mo 


The  glycol  recommended  for  the  solution  is  an  ethylene 
glycol-based  industrial  coolant  such  as  Dow  Chemical 
Company’s  Dowtherm*  SR-1  or  Union  Carbide  Corporation's 
UCARTHERMf  which  are  specially  formulated  for  low 
viscosity  and  superior  heat  transfer  properties.  These  contain 
a  multi-component  corrosion  inhibitor  system  which  is 
effective  with  most  materials  of  construction,  including 
aluminum,  copper,  solder  and  plastics.  Unlike  automotive- 
type  anti-freeze,  they  produce  no  films  and  contain  no 
anti-leak  agents  to  interfere  with  heat  transfer  efficiency 
and  permit  use  of  standard  system  pumps,  seals  and  air 
handler  coils.  However,  because  of  the  slight  difference  in 
heat  transfer  coefficient  between  water-glycol  and  plain 
water,  coil  capacity  should  be  increased  by  approximately 
5  percent  It  is  also  important  that  the  water  and  glycol  be 
thoroughly  mixed  before  the  solution  enters  the  system. 
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LIFE  CYCLE  COST  ANALYSIS  SUMMARY  STUDY;  6003EC4 

ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP)  LCCID  1.035 

INSTALLATION  &  LOCATION;  FT.  SILL,  OKLAHOMA  REGION  NOS.  6  CENSUS;  3 

PROJECT  NO.  &  TITLE;  3002-000  ENERGY  SURVEY  OF  ARMY  BOILER/ CHILLERS 
FISCAL  YEAR  1991  DISCRETE  PORTION  NAME;  ICE  STORAGE  COOLING  SYSTEM 
ANALYSIS  DATE;  04-18-91  ECONOMIC  LIFE  25  YEARS  PREPARED  BY;  KC 

1.  INVESTMENT 

A.  CONSTRUCTION  COST 

B.  SIOH 

C.  DESIGN  COST 

D.  ENERGY  CREDIT  CALC  ( 1A+1B+1C)X. 9 

E.  SALVAGE  VALUE  COST 

F.  TOTAL  INVESTMENT  (ID-IE) 

2.  ENERGY  SAVINGS  (+)  /  COST  (-) 

ANALYSIS  DATE  ANNUAL  SAVINGS,  UNIT  COST  &  DISCOUNTED  SAVINGS 


UNIT  COST 

SAVINGS 

ANNUAL 

$ 

DISCOUNT 

DISCOUNTED 

FUEL 

$/MBTU(l) 

MBTU/YR(2) 

SAVINGS 

(3) 

FACTOR(4) 

SAVINGS ( 5 ) 

A. 

ELECT 

$  4.01 

0. 

$ 

0. 

11.37 

0. 

B. 

DIST 

$  .00 

0. 

$ 

0. 

17.06 

0. 

C. 

RESID 

$  .00 

0. 

$ 

0. 

16.85 

0. 

D. 

NAT  G 

$  2.92 

0. 

$ 

0. 

17.52 

0. 

E. 

COAL 

$  .00 

0, 

$ 

0. 

13.34 

0. 

F, 

TOTAL 

0. 

$ 

0. 

$  0. 

3.  NON 

ENERGY 

SAVINGS (+)  / 

COST(-) 

A. 

ANNUAL 

RECURRING  (+/ 

-) 

$  11666. 

(1)  DISCOUNT  FACTOR 

(TABLE  A) 

11.65 

(2)  DISCOUNTED  SAVING/COST  (3A  X 

3A1) 

$  135909. 

C.  TOTAL  NON  ENERGY  DISCOUNTED  SAVINGS(+)  /COST(-)  (3A2+3Bd4)  $  135909. 


D.  PROJECT  NON  ENERGY  QUALIFICATION  TEST 

(1)  25%  MAX  NON  ENERGY  CALC  (2F5  X  .33)  $ 

A  IF  3D1  IS  =  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  =  ( 2F5+3D1 ) /IF) 

C  IF  3D1B  IS  =  >  1  GO  TO  ITEM  4 

D  IF  3D1B  IS  <  1  PROJECT  DOES  NOT  QUALIFY 

4.  FIRST  YEAR  DOLLAR  SAVINGS  2F3+3A+ ( 3B1D/ (YEARS  ECONOMIC  LIFE))  $  11666. 

5.  TOTAL  NET  DISCOUNTED  SAVINGS  (2F5+3C)  $  135909. 

6.  DISCOUNTED  SAVINGS  RATIO  (SIR)=(5  /  1F)=  .66 

(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 

****  Project  does  not  qualify  for  ECIP  funding;  4,5,6  for  information  only. 

7.  SIMPLE  PAYBACK  PERIOD  (ESTIMATED)  SPB=lF/4  17.55 


$  204000. 

$  11220. 

$  12240. 

$  204714. 

-$  0. 

$  204714. 
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ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 
FT.  SILL.  OKLAHOMA 

CENTRAL  PLANT:  6003 

ENERGY  CONSERVATION  OPPORTUNITY:  ECO-  5(A) 

SYSTEM  MODIFICATION:  TWO  SPEED  FANS  FOR  COOLING  TOWER 
SYSTEMS  TO  MODIFY:  COOLING  TOWER  (NORTH) 


CALCULATION  DESCRIPTION: 

Two  spread  sheets  are  compared  to  determine  the  energy  savings  for 
ECO-5,  install  two-speed  (5A)  or  variable  speed  (5B)  motors  for  cooling  tower. 

The  spread  sheets  is  a  simulation  of  the  existing  structure,  equipment,  and 

systems,  and  how  they  are  presently  operated.  The  spread  sheets  is  also  a 

simulation  of  the  existing  building  with  modifications  implemented  in  the  systems,  equipment, 

or  the  operation.  The  difference  in  the  totals  from  the  spread  sheets  represents  the  savings. 


ANNUAL  UTILITY  SAVINGS 


PC  CUBE  RUN 

Electric 

Nat.  Gas 
(MMBtu) 

Total  Energy 
(MMBtu) 

Demand(kW) 

Enerav(kWh) 

Baseline 

— 

39,462 

— 

135 

ECO 

— 

13,644 

— 

47 

Savings  (Baseline -ECO) 

0 

25.818 

0 

88 

NOTE:  The  savings  for  this  ECO  did  not  consider  any  interrelated  savings  with  other 

ECOs  identified  as  economically  feasible. 


ENERGY  COST  SAVINGS: 

Electricity: 

88  MMBtuA'r  X 

$4.0141  /MMBtu  = 

$354  per  year 

Nat.  Gas: 

0  MMBtuA'r  X 

$2.92 /MMBtu  = 

$0  per  year 

Total  Energy  Cost  Savings: 

$354  + 

$0 

$354  per  year 

NON-ENERGY  SAVINGS  (+),  COST  (-): 

Demand: 

0  kW/month  X 

$1.787/kW  X 

12  months/year 

=  (+) 

$0  per  year 

Maintenance:  =  (-) 

$0  per  year 

Total: 

$0 

$0 

$0  per  year 
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ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 
FT.  SILL,  OKLAHOMA 

CENTRAL  PLANT:  6003 

ENERGY  CONSERVATION  OPPORTUNITY:  ECO-  5(A) 

SYSTEM  MODIFICATION:  TWO  SPEED  FANS  FOR  COOLING  TOWER 
SYSTEMS  TO  MODIFY:  COOLING  TOWER  (NORTH) 


CALCULATION  DESCRIPTION: 

Two  spread  sheets  are  compared  to  determine  the  energy  savings  for 
ECO-5,  install  two-speed  (5A)  or  variable  speed  (5B)  motors  for  cooling  tower. 

The  spread  sheets  is  a  simulation  of  the  existing  structure,  equipment,  and 

systems,  and  how  they  are  presently  operated.  The  spread  sheets  is  also  a 

simulation  of  the  existing  building  with  modifications  implemented  in  the  systems,  equipment, 

or  the  operation.  The  difference  in  the  totals  from  the  spread  sheets  represents  the  savings. 


ANNUAL  UTILITY  SAVINGS 


PC  CUBE  RUN 

Electric 

Nat.  Gas 
(MMBtu) 

Total  Energy 
(MMBtu) 

Demand(kW) 

EneravfkWh) 

Baseline 

— 

39,462 

— 

135 

ECO 

— 

13,644 

— 

47 

Savinqs  (Baseline-ECO) 

0 

25.818 

0 

88 

NOTE:  The  savings  for  this  ECO  did  not  consider  any  interrelated  savings  with  other 

ECOs  identified  as  economically  feasible. 


ENERGY  COST  SAVINGS: 

Electricity: 

88  MMBtuA'r  X 

$4.0141  /MMBtu  = 

$354  per  ^ar 

Nat.  Gas: 

0  MMBtuA'r  X 

$2.92/MMBtu  = 

$0  per  year 

Total  Energy  Cost  Savings: 

$354  + 

$0 

$354  per  year 

NON-ENERGY  SAVINGS  (+),  COST  (-): 

Demand: 

0  kW/month  X 

$1 .787  /kW  X 

12  months/year 

=  (+) 

$0  per  year 

Maintenance:  =  (-) 

$0  per  year 

Total: 

$0 

$0 

$0  per  year 
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Two-speed  cooling  tower  and  variable  speed  cooling  tower  calculation  description: 


1.  The  design  conditions  were  taken  from  the  original  design  documents,  including  wet 
bulb  temperatures,  condenser  water  flow,  and  condenser  supply  and  return 
temperatures. 

2.  Based  on  an  assumed  liquid  to  gas  ratio,  the  delta  enthalpy  was  calculated  for  entering 
air  versus  leaving  air  conditions.  The  final  total  enthalpy  of  the  leaving  air  was 
calculated  based  on  the  design  entering  air  enthalpy  plus  the  delta  enthalpy. 

3.  The  fan  motor  kW  is  based  on  field  measurements. 

4.  The  "WET  BULB  AVERAGES"  are  the  wet  bulb  temperatures  calculated  for  4  hour  bins, 
for  each  cooling  month,  from  ASHRAE  weather  data  for  Oklahoma  City,  Oklahoma 
(part  1). 

5.  The  "ENTHALPY  FOR  AVERAGE  WET  BULBS"  are  the  enthalpy  for  each  of  the  wet- 
bulb  (part  1.),  determined  from  look-up  tables  (part  2). 

6.  The  "COOLING  PROFILE  OF  CENTRAL  PLANTS,"  is  the  average  %  load  estimated  for 
the  chiller  plant,  for  the  time  bins  (part  3).  Note  there  is  0%  load  for  those  hours  when 
the  chiller  is  assumed  to  be  off. 

The  "PEAK  LOAD"  per  month  is  the  estimated  peak  hourly  load  (part  3,  last  column). 

7.  The  "RATIO  OF  AVERAGE  MONTHLY  ENTHALPY  TO  DESIGN  ENTHALPY'  for  time 
bins  (part  4)  = 

(Total  exit  air  design  enthalpy  minus  average  monthly  enthalpy,  part  2)  /  (entering  air 
design  enthalpy) 

The  "DAYS  PER  MONTH  OPER."  is  the  total  days  per  month  the  cooling  tower 
operates  (part  4,  last  columm). 

8.  The  "%  DESIGN  LOAD"  on  tower  for  time  bins  (part  5)  = 

(%  load  on  plant,  part  3  *  monthly  peak  load,  part  3)  /  (  Highest  monthly  peak  load, 
part  3)  *  ( 1  /  ratio  of  monthly  enthalpy,  part  4) 

9.  For  a  single  speed  cooling  tower  fan  the  energy  usage  (kWh)  is  based  on  the  idea  that 
the  tower  fan  cycle  in  direct  proportion  to  the  %  design  load  on  the  tower,  (part  6)  = 

kWh  per  bin  =  (total  fan  power  kW)  *  (%  design  load,  part  5*4  hours  per  bin  *  days 
per  month) 

Total  kWh  =  sum  of  all  kWh  bins 
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10.  For  a  two-speed  cooling  tower  fan  the  energy  usage  (kWh)  is  based  on  the  premise  that 
when  a  tower  cell  is  at  less  than  50%  of  its  design  load,  it  operates  at  half  speed.  A  fan 
running  at  half  speed  uses  14%  of  the  maximum  power  input.  The  calculations  take 
into  account  multi-cell  towers  (part  7).  The  control  sequence  is: 

•  0-25%  load,  fan  1,  half  speed  cycling. 

•  25-50%  load,  fan  1  half  speed  running,  fan  2  half  speed  cycling: 

•  50-75%  load,  fan  1  full  speed  cycling,  fan  2  half  speed  running. 

•  75-100%  load,  fan  1  full  speed  running,  fan  2  full  speed  cycling. 

kWh  per  bin,  for  %  design  loads  less  than  25%  load  =  (fan  1  power  kW)  *  14%  * 
(%design  load  /  25)  *  4  hours  per  bin  *  days  per  month. 

kWh  per  bin,  for  %  design  loads  25%  to  50%  load  =  (fan  1  power  kW  *  14%  *  4  hours 
per  bin  *  days  per  month  )  *  ( fan  2  power  kW  *  14%  *  ((%  design  load  -  25  )/  25)*  4 
hours  per  bin  *  days  per  month  ) 

kWh  per  bin,  for  %  design  loads  50%  to  75%  load  =  (fan  2  power  kW  *  14%  *  4  hours 
per  bin  *  days  per  month  )  *  ( fan  1  power  kW  *  ((%  design  load  -  50  )/  25)  *  4  hours 
per  bin  *  days  per  month  ) 

kWh  per  bin,  for  %  design  loads  75%  to  100%  load  =  (  fan  1  power  kW  *  4  hours  per 
bin  *  days  per  month  )  +  (  fan  2  power  kW  *  ((%  design  load  -  75  )/  25)  *  4  hours  per 
bin  *  days  per  month  ) 

kWh  total  =  sum  of  all  kWh  bins 


11.  For  a  variable  speed  cooling  tower  fan  the  energy  usage  (kWh)  is  based  on  the  premise 
that  the  tower  fan  percent  air  volume  is  directly  proportional  to  the  percent  load  on  the 
cooling  tower;  and  the  fan  energy  is  proportational  to  the  cube  of  the  air  volume.  The 
calculations  take  into  account  multi-cell  towers  (part  8): 

kWh  per  bin,  for  0  to  100%  load  =  ( total  fan  power  kW)  *  ((%  design  load)®  /  80% 
efficiency  )  *  4  hours  per  bin  *  days  per  month. 

kWh  total  =  sum  of  all  kWh  bins 
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CENTRAL  PLANT  6003 

DESIGN  CONDITIONS 

-  WBT  (DB,  DEG  F) 

78 

-  WATER  FLOW  (gpm) 

2260 

-  CNWR  (DEG  R 

95 

-  CNWS  (DEG  F) 

85 

ASSUMPTION  LIQUID  TO  GAS  RATIO 

2 

-  AIR  FLOW  (LBS/MIN) 

9379 

HEAT  REJECTION  CAPACITY  (Btu/min) 

187580 

DELTA  ENTHALPY  (Btu/lb) 

20 

DESIGN  ENTHALPY  (Btu/lb) 

41.58 

TOTAL  ENTHALPY 

61.58 

EXIT  AIR  WB  (LOOK  UP) 

93.2 

SPECIFIC  VOLUME  OF  EXIT  AIR  (LOOK  UP) 

15.1 

100%  DESIGN  CFM  @  WB 

141623 

MOTOR  DATA 

-  FAN  1  POWER  (kW) 

36.3 

-  FAN  2  POWER  (kW) 

0 

-  FAN  3  POWER  (kW) 

0 

-  FAN  4  POWER  (kW) 

0 

ASHRAE  WEATHER  DATA  -  OKLAHOMA  CITY,  OKLAHOMA 


WET- BULB  AVERAGES  ( 

'4  hour  bins) 

DESIGN 

WB 

1-4 

5-8 

9-12 

13-16 

17-20 

21-24 

APRIL 

48.6 

47.8 

52.2 

55.6 

54.6 

51.4 

78 

MAY 

57.1 

56.6 

61.2 

63.9 

63 

59.4 

78 

JUNE 

66.8 

66.6 

69.9 

71 

70.5 

68.2 

78 

JULY 

70.8 

70.9 

74.5 

76 

74.9 

72.6 

78 

AUGUST 

66.9 

67 

71 

72 

71 

68.5 

78 

SEPTEMBER 

65.1 

64.9 

67.8 

68.9 

67.4 

65.6 

78 

OCTOBER 

51.2 

50.4 

55.1 

57.5 

55.2 

52.5 

78 
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ENTHALPY  FOR  AVERAG 

E  WET-BUL 

BS 

DESIGN 

ENTHALPY 

1-4 

5-8 

9-12 

13-16 

17-20 

21-24 

APRIL 

19.64 

19.11 

21.55 

23.58 

22.98 

21.09 

41.58 

MAY 

24.53 

24.21 

27.28 

29.23 

28.57 

26.06 

41 .58 

JUNE 

31.47 

31.31 

34.01 

34.95 

34.51 

32.59 

41.58 

JULY 

34.77 

34.86 

38.14 

39.57 

38.52 

36.37 

41 .58 

AUGUST 

31.54 

31.62 

34.95 

35.83 

34.95 

32.84 

41.58 

SEPTEMBER 

30.13 

29.98 

32.25 

33.09 

31.93 

30.52 

41.58 

OCTOBER 

20.98 

2O.53I 

23.28 

24.72 

23.34 

21.72 

41.58 

PEAK 

LOAD 

COOLING  PROFILE  OF  C 

ENTRAL  PLANTS 

1-4 

5-8 

9-12 

13-16 

17-20 

21  -24 

(Btuh) 

APRIL 

0 

0 

0 

0 

0 

0 

0 

MAY 

6.3 

0.3 

0.7 

0.7 

0.3 

0.3 

7151000 

JUNE 

0.3 

0.3 

0.7 

0.7 

0.3 

0.3 

9058000 

JULY 

0.3 

0.3 

0.7 

0.7 

0.3 

0.3 

9058000 

AUGUST 

0.3 

0.3 

0.7 

0.7 

0.3 

0.3 

9058000 

SEPTEMBER 

0.3 

0.3 

0.7 

0.7 

0.3 

0.3 

9058000 

OCTOBER 

0 

0 

o1 

0 

0 

0 

6 

RATIO  OF  MONTHLY  ENl 

rHALPY  TO  DESIGN  ENTHALPY 

DAYS  PER 
MONTH  OPER. 

1-4 

5-8 

9-12 

13-16 

17-20 

21-24 

APRIL 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

30 

MAY 

1.9 

1.9 

1.7 

1.6 

1.7 

1.8 

31 

JUNE 

1.5 

1.5 

1.4 

1.3 

1.4 

1.4 

30 

JULY 

1.3 

1.3 

1.2 

1.1 

1.2 

1.3 

31 

AUGUST 

1.5 

1.5 

1.3 

1.3 

1.3 

1.4 

31 

SEPTEMBER 

1.6 

1.6 

1.5 

1.4 

1^ 

1.6 

30 

OCTOBER 

0.0 

0.0 

0.0 

0.0 

6.0 

0.0' 

31 
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%  DESIGN  LOAD 


JAYS  PER 


1-4 

5-8 

9-12 

13-16 

17-20 

21-24 

MONTH  OPER, 

APRIL 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

30 

MAY 

12.8 

12.7 

32.2 

34.2 

14.3 

13.3 

31 

JUNE 

19.9 

19.8 

50.8 

52.6 

22.2 

20.7 

30 

JULY 

22.4 

22.5 

59.7 

63.6 

26.0 

23.8 

31 

AUGUST 

20.0 

20.0 

52.6 

54,4 

22.5 

20.9 

31 

SEPTEMBER 

19.1 

19.0 

47.7 

49.1 

20.2 

19.3 

30 

OCTOBER 

0.0 

0.6 

0.0 

0.0 

0.0 

0.0 

31 

MAY 

575 

571 

1450 

1538 

646 

600 

JUNE 

868 

863 

2212 

2290 

965 

902 

JULY 

1007 

1011 

2688 

2863 

1171 

1071 

AUGUST 

899 

901 

2366 

2447 

1014 

940 

SEPTEMBER 

831 

827 

2079 

2141 

881 

841 

OCTOBER 

0 

0 

0 

0 

0 

0 

TOTAL 

4181 

4173 

10796 

11279 

4678 

4354 

39462 

1 

SINGLE  SPEED  CONTROL  (kWh) 


TOTAL 


9-12 


13-16 


17-20 


APRIL 


21-24  _ i 

0 


1-4 

5~8 

9-12 

13-16 

17-20 

21-24 

APRIL 

0 

0 

0 

0 

0 

0 

MAY 

161 

160 

406 

431 

181 

168 

JUNE 

243 

242 

678 

834 

270 

252 

JULY 

282 

283 

1506 

1855 

328 

300 

AUGUST 

252 

252 

862 

1023 

284 

263 

SEPTEMBER 

233 

232 

582 

599 

247 

236 

OCTOBER 

0 

0 

0 

Q. 

0 

0 

TOTAL 

1171 

1169 

4034 

4743 

1310 

1219 

TOTAL 

(kWh) 


13644 
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COST  ESTIMATE  ANALYSIS  INVITATION  NO./CONTRACT  NO.  EFFECTIVE  PRICING  DATE  PREPARED 

_ DACA59-90-C-0087  _ DATE  APR.  91 _ 08-Apr-91 _ 

PROJECT  ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER _  _  CODE  a|  X  |  CODE  b|  |  CODE  C  DRAWING  NO.  SHT  OF 

LOCATION  FT.  SILL,  OKLAHOMA  LJ  OTHER  _ _ 

ESTIMATOR  KC  CHECKED  BY  CEL 
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LIFE  CYCLE  COST  ANALYSIS  SUMMARY  STUDY:  6003EC5A 

ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP)  LCCID  1.035 

INSTALLATION  &  LOCATION:  FT.  SILL,  OKLAHOMA  REGION  NOS.  6  CENSUS:  3 

PROJECT  NO.  &  TITLE:  3002-000  ENERGY  SURVEY  OF  ARMY  BOILER/CHILLERS 
FISCAL  YEAR  1991  DISCRETE  PORTION  NAME:  TWO  SPEED  COOLING  TOWER 
ANALYSIS  DATE:  04-11-91  ECONOMIC  LIFE  25  YEARS  PREPARED  BY:  KC 


1 .  INVESTMENT 

A.  CONSTRUCTION  COST  $ 

B.  SIOH  $ 

C.  DESIGN  COST  $ 

D.  ENERGY  CREDIT  CALC  ( 1A+1B+1C)X. 9  $ 

E.  SALVAGE  VALUE  COST  -$ 

F.  TOTAL  INVESTMENT  (ID-IE)  $ 


2.  ENERGY  SAVINGS  (+)  /  COST  (-) 

ANALYSIS  DATE  ANNUAL  SAVINGS,  UNIT  COST  &  DISCOUNTED  SAVINGS 


10428. 

574. 

626. 

10465. 

0. 

10465. 


UNIT  COST 

SAVINGS 

ANNUAL  $ 

DISCOUNT 

DISCOUNTED 

FUEL 

$/MBTU ( 1 ) 

MBTU/yR(2) 

SAVINGS ( 3 ) 

FACTOR(4) 

SAVINGS(5) 

A. 

ELECT 

$  4.01 

88. 

$ 

354. 

11.37 

4022. 

B. 

DIST 

$  .00 

0. 

$ 

0. 

17.06 

0. 

C. 

RESID 

$  .00 

0. 

$ 

0. 

16.85 

0. 

D. 

NAT  G 

$  2.92 

0. 

$ 

0. 

17.52 

0. 

E. 

COAL 

$  .00 

0. 

$ 

0. 

13.34 

0. 

F. 

TOTAL 

88. 

$ 

354. 

$  4022. 

NON 

ENERGY 

SAVINGS (+)  / 

COST(-) 

A. 

ANNUAL 

RECURRING  (+/ 

$  0. 

(1)  DISCOUNT  FACTOR 

(TABLE  A) 

11.65 

(2)  DISCOUNTED  SAVING/COST  ( 3A  X 

3A1) 

$  0. 

C.  TOTAL  NON  ENERGY  DISCOUNTED  SAVINGS (+)  /COST(-)  (3A2+3Bd4)  $  0. 


D.  PROJECT  NON  ENERGY  QUALIFICATION  TEST 

(1)  25%  MAX  NON  ENERGY  CALC  (2F5  X  .33)  $  1327. 

A  IF  3D1  IS  =  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  =  (2F5+3D1)/1F)= 

C  IF  3D1B  IS  =  >  1  GO  TO  ITEM  4 

D  IF  3D1B  IS  <  1  PROJECT  DOES  NOT  QUALIFY 

4.  FIRST  YEAR  DOLLAR  SAVINGS  2F3+3A+(3B1D/ (YEARS  ECONOMIC  LIFE))  $  354. 

5.  TOTAL  NET  DISCOUNTED  SAVINGS  (2F5+3C)  $  4022. 

6.  DISCOUNTED  SAVINGS  RATIO  (SIR)=(5  /  1F)=  .38 

(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 

7.  SIMPLE  PAYBACK  PERIOD  (ESTIMATED)  SPB=lF/4  29.59 
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ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 
FT.  SILL,  OKLAHOMA 

CENTRAL  PLANT:  6003 

ENERGY  CONSERVATION  OPPORTUNITY:  ECO-  5(B) 

SYSTEM  MODIFICATION:  VARIABLE  SPEED  DRIVE  FOR  COOLING  TOWER 
SYSTEMS  TO  MODIFY:  COOLING  TOWER  (NORTH) 


CALCULATION  DESCRIPTION: 

Two  spread  sheets  are  compared  to  determine  the  energy  savings  for 
ECO-5,  install  two-speed  (5A)  or  variable  speed  (5B)  motors  for  cooling  tower. 

The  spread  sheets  is  a  simulation  of  the  existing  structure,  equipment,  and 

systems,  and  how  they  are  presently  operated.  The  spread  sheets  is  also  a 

simulation  of  the  existing  building  with  modifications  implemented  in  the  systems,  equipment, 

or  the  operation.  The  difference  in  the  totals  from  the  spread  sheets  represents  the  savings. 


ANNUAL  UTILITY  SAVINGS 


Electric 

Nat.  Gas 

Total  Energy 

PC  CUBE  RUN 

Demand(kW) 

EneravfkWhl 

(MMBtu) 

(MMBtu) 

Baseline 

— 

39,462 

— 

135 

ECO 

— 

8,437 

— 

29 

Savings  (Baseline-ECO) 

0 

31 .025 

0 

106 

NOTE:  The  savings  for  this  ECO  did  not  consider  any  interrelated  savings  with  other 

ECOs  identified  as  economically  feasible. 


ENERGY  COST  SAVINGS: 


Electricity:  106  MMBtuA'r  X  $4.0141 /MMBtu  =  $425  per  year 


Nat.  Gas: 

0  MmxulYr  X 

$2.92 /MMBtu  = 

$0  per  year 

Total  Energy  Cost  Savings: 

$425  + 

$0 

$425  per  year 

NON-ENERGY  SAVINGS  (+),  COST  (-): 

Demand; 

0  kW/month  X 

$1.787/kW  X 

12  months/year 

=  (+) 

$0  per  year 

Maintenance:  =  (-) 

$570  per  year 

Total: 

$0 

$570 

($570)  per  year 

tECO-SHT.WK31 
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Two-speed  cooling  tower  and  variable  speed  cooling  tower  calculation  description: 


1.  The  design  conditions  were  taken  from  the  original  design  documents,  including  wet 
bulb  temperatures,  condenser  water  flow,  and  condenser  supply  and  return 
temperatures. 

2.  Based  on  an  assumed  liquid  to  gas  ratio,  the  delta  enthalpy  was  calculated  for  entering 
air  versus  leaving  air  conditions.  The  final  total  enthalpy  of  the  leaving  air  was 
calculated  based  on  the  design  entering  air  enthalpy  plus  the  delta  enthalpy. 

3.  The  fan  motor  kW  is  based  on  field  measurements. 

4.  The  "WET  BULB  AVERAGES"  are  the  wet  bulb  temperatures  calculated  for  4  hour  bins, 
for  each  cooling  month,  from  ASHRAE  weather  data  for  Oklahoma  City,  Oklahoma 
(part  1). 

5.  The  "ENTHALPY  FOR  AVERAGE  WET  BULBS"  are  the  enthalpy  for  each  of  the  wet- 
bulb  (part  1.),  determined  from  look-up  tables  (part  2). 

6.  The  "COOLING  PROFILE  OF  CENTRAL  PLANTS,"  is  the  average  %  load  estimated  for 
the  chiller  plant,  for  the  time  bins  (part  3).  Note  there  is  0%  load  for  those  hours  when 
the  chiller  is  assumed  to  be  off. 

The  "PEAK  LOAD"  per  month  is  the  estimated  peak  hourly  load  (part  3,  last  column). 

7.  The  "RATIO  OF  AVERAGE  MONTHLY  ENTHALPY  TO  DESIGN  ENTHALPY"  for  time 
bins  (part  4)  = 

(Total  exit  air  design  enthalpy  minus  average  monthly  enthalpy,  part  2)  /  (entering  air 
design  enthalpy) 

The  "DAYS  PER  MONTH  OPER."  is  the  total  days  per  month  the  cooling  tower 
operates  (part  4,  last  columm). 

8.  The  "%  DESIGN  LOAD"  on  tower  for  time  bins  (part  5)  = 

(%  load  on  plant,  part  3  *  monthly  peak  load,  part  3)  /  (  Highest  monthly  peak  load, 
part  3)  *  ( 1  /  ratio  of  monthly  enthalpy,  part  4) 

9.  For  a  single  speed  cooling  tower  fan  the  energy  usage  (kWh)  is  based  on  the  idea  that 
the  tower  fan  cycle  in  direct  proportion  to  the  %  design  load  on  the  tower,  (part  6)  = 

kWh  per  bin  =  (total  fan  power  kW)  *  (%  design  load,  part  5*4  hours  per  bin  *  days 
per  month) 

Total  kWh  =  sum  of  all  kWh  bins 
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10.  For  a  two-speed  cooling  tower  fan  the  energy  usage  (kWh)  is  based  on  the  premise  that 
when  a  tower  cell  is  at  less  than  50%  of  its  design  load,  it  operates  at  half  speed.  A  fan 
running  at  half  speed  uses  14%  of  the  maximum  power  input.  The  calculations  take 
into  account  multi-cell  towers  (part  7).  The  control  sequence  is: 

•  0-25%  load,  fan  1,  half  speed  cycling. 

•  25-50%  load,  fan  1  half  speed  running,  fan  2  half  speed  cycling: 

•  50-75%  load,  fan  1  full  speed  cycling,  fan  2  half  speed  running. 

•  75-100%  load,  fan  1  full  speed  running,  fan  2  full  speed  cycling. 

kWh  per  bin,  for  %  design  loads  less  than  25%  load  =  (fan  1  power  kW)  *  14%  * 
(%  design  load  /  25)  *  4  hours  per  bin  *  days  per  month. 

kWh  per  bin,  for  %  design  loads  25%  to  50%  load  =  (fan  1  power  kW  *  14%  *  4  hours 
per  bin  *  days  per  month  )  *  ( fan  2  power  kW  *  14%  *  ((%  design  load  -  25  )/  25)*  4 
hours  per  bin  *  days  per  month  ) 

kWh  per  bin,  for  %  design  loads  50%  to  75%  load  =  (fan  2  power  kW  *  14%  *  4  hours 
per  bin  *  days  per  month  )  *  ( fan  1  power  kW  *  ((%  design  load  -  50  )/  25)  *  4  hours 
per  bin  *  days  per  month  ) 

kWh  per  bin,  for  %  design  loads  75%  to  100%  load  =  ( fan  1  power  kW  *  4  hours  per 
bin  *  days  per  month  )  +  (  fan  2  power  kW  *  ((%  design  load  -  75  )/  25)  *  4  hours  per 
bin  *  days  per  month  ) 

kWh  total  =  sum  of  all  kWh  bins 


11.  For  a  variable  speed  cooling  tower  fan  the  energy  usage  (kWh)  is  based  on  the  premise 
that  the  tower  fan  percent  air  volume  is  directly  proportional  to  the  percent  load  on  the 
cooling  tower;  and  the  fan  energy  is  proportational  to  the  cube  of  the  air  volume.  The 
calculations  take  into  account  mtilti-ceU  towers  (part  8): 

kWh  per  bin,  for  0  to  100%  load  =  ( total  fan  power  kW)  *  ((%  design  load)^  /  80% 
efficiency  )  *  4  hours  per  bin  *  days  per  month. 

kWh  total  =  sum  of  all  kWh  bins 
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CENTRAL  PLANT  6003  ! 

DESIGN  CONDITIONS 

-  WBT  (DB.  DEG  F) 

78 

-  WATER  FLOW  (gpm) 

2260 

-  CNWR  (DEG  F) 

95 

-  CNWS  (DEG  F) 

85 

ASSUMPTION  LIQUID  TO  GAS  RATIO 

2 

-  AIR  FLOW  (LBS/MIN) 

9379 

HEAT  REJECTION  CAPACITY  (Btu/min) 

187580 

DELTA  ENTHALPY  (Btu/lb) 

20 

DESIGN  ENTHALPY  (Btu/lb) 

41.58 

TOTAL  ENTHALPY 

61.58 

EXIT  AIR  WB  (LOOK  UP) 

93.2 

SPECIFIC  VOLUME  OF  EXIT  AIR  (LOOK  UP) 

15.1 

100%  DESIGN  CFM  @  WB 

141623 

MOTOR  DATA 

-  FAN  1  POWER  (kW) 

36.3 

-  FAN  2  POWER  (kW) 

0 

-  FAN  3  POWER  (kW) 

0 

-  FAN  4  POWER  (kW) 

0 

ASHRAE  WEATHER  DATA  -  OKLAHOMA  CITY,  OKLAHOMA 


WET-BULB  AVERAGES  1 

'4  hour  bins) 

Idesign 

1-4 

5-8 

9-12 

13-16 

17-20 

21-24 

WB 

APRIL 

48.6 

47.8 

52.2 

55.6 

54.6 

51.4 

78 

MAY 

57.1 

56.6 

61.2 

63.9 

63 

59.4 

78 

JUNE 

66.8 

66.6 

69.9 

71 

70.5 

68.2 

78 

JULY 

70.8 

70.9 

74.5 

76 

74.9 

72.6 

78 

AUGUST 

66.9 

67 

71 

72 

71 

68.5 

78 

SEPTEMBER 

65.1 

64.9 

67.8 

68.9 

67.4 

65.6 

78 

OCTOBER 

51.2 

50.4 

55.1 

57.5 

55.2 

52.5 

78 
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ENTHALPY  FOR  AVERAGE  WET-BUL 

BS 

bESIGN  1 

1-4 

5-8 

9-12 

13-16 

17-20 

21-24 

ENTHALPY 

APRIL 

19.64 

19.11 

21.55 

23.58 

22.98 

21.09 

41.58 

MAY 

24.53 

24.21 

27.28 

29.23 

28.57 

26.06 

41.58 

JUNE 

31.47 

31.31 

34.01 

34.95 

34.51 

32.59 

41.58 

JULY 

34.77 

34.86 

38.14 

39.57 

38.52 

36.37 

41.58 

AUGUST 

31.54 

31.62 

34.95 

35.83 

34.95 

32.84 

41.58 

SEPTEMBER 

30.13 

29.98 

32.25 

33.09 

31.93 

30.52 

41.58 

OCTOBER 

20.98 

20.53 

23.28 

24.72 

23.34 

21.72 

41.58 

PEAK 

COOLING  PROFILE  OF  C 

ENTRAL  PLANTS 

LOAD 

1-4 

5-8 

9-12 

13-16 

17-20 

21-24 

(Btuh) 

APRIL 

0 

0 

0 

0 

0 

0 

0 

MAY 

0.3 

0.3 

0.7 

0.7 

0.3 

0.3 

7151000 

JUNE 

0.3 

0.3 

0.7 

0.7 

0.3 

0.3 

9058000 

JULY 

0.3 

0.3 

0.7 

0.7 

0.3 

0.3 

9058000 

AUGUST 

0.3 

0.3 

0.7 

0.7 

0.3 

0.3 

9058000 

SEPTEMBER 

0.3 

0.3 

0.7 

0.7 

0.3 

0.3 

9058000 

OCTOBER 

0 

0 

0 

0 

0 

0 

0 

. 

RATIO  OF  MONTHLY  ENl 

rHALPY  TO  DESIGN  ENTHALPY 

DAYS  PER 

MONTH  OPER. 

1-4 

5-8 

9-12 

13-16 

17-20 

21-24 

APRIL 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

30 

MAY 

1.9 

1.9 

1.7 

1.6 

1.7 

1.8 

31 

JUNE 

1.5 

1.5 

1.4 

1.3 

1.4 

1.4 

30 

JULY 

1.3 

1.3 

1.2 

1.1 

1.2 

1.3 

31 

AUGUST 

1.5 

1.5 

1.3 

1.3 

1.3 

1.4 

31 

SEPTEMBER 

1.6 

1.6 

1.5 

1.4 

1.5 

1.6 

30 

OCTOBER 

0.0 

0.0 

0.0 

0.0 

o.ol 

0.0 

31 
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%  DESIGN  LOAD  I 

DAYS  PER 

MONTH  OPER. 

1-4 

5-8 

9-12 

13-16 

17-20 

21-24 

APRIL 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

30 

MAY 

12.8 

12.7 

32.2 

34.2 

14.3 

13.3 

31 

JUNE 

19.9 

19.8 

50.8 

52.6 

22.2 

20.7 

30 

JULY 

22.4 

22.5 

59.7 

63.6 

26.0 

23.8 

31 

AUGUST 

20.0 

20.0 

52.6 

54.4 

22.^ 

20.9 

31 

SEPTEMBER 

19.1 

19.0 

47.7 

49.1 

20.2 

19.3 

30 

OCTOBER 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

31 

SINGLE  SPEI 

ED  CONTRO 

L  (kWh) 

TOTAL 

m _ 

1-4 

5-8 

9-12 

13-16 

17-20 

21-24 

APRIL 

0 

0 

0 

0 

0 

0 

MAY 

575 

571 

1450 

1538 

646 

600 

JUNE 

868 

863 

2212 

2290 

965 

902 

JULY 

1007 

1011 

2688 

2863 

1171 

1071 

AUGUST 

899 

901 

2366 

2447 

1014 

940 

SEPTEMBER 

831 

827 

2079 

2141 

881 

841 

OCTOBER 

0 

0 

0 

0 

0 

0 

TOTAL 

4181 

4173 

10796 

11279 

4678 

4354 

39462 

TWO  SPEED  CONTROL  (1 

kWh) 

TOTAL 

(kWh) 

1-4 

5-8 

9-12 

13-16 

17-20 

21-24 

APRIL 

0 

0 

0 

0 

0 

0 

MAY 

161 

160 

406 

431 

181 

168 

JUNE 

243 

242 

678 

834 

270 

252 

JULY 

282 

283 

1506 

1855 

328 

300 

AUGUST 

252 

252 

862 

1023 

284 

263 

SEPTEMBER 

233 

232 

582 

599 

247 

236 

OCTOBER 

0 

0 

0 

0 

0 

0 

TOTAL 

1171 

1169 

4034 

4743 

1310 

1219 

13644 
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VARIABLE  SI 

^EED  COOLI 

NG  TOWER  CYCLING  (kWh) 

TOTAL 

(kWh) 

1-4 

5-8 

9-12 

13-16 

17-20 

21-24 

APRIL 

0 

0 

0 

0 

0 

0 

MAY 

12 

11 

188 

224 

17 

13 

JUNE 

43 

42 

713 

791 

59 

48 

JULY 

63 

64 

1199 

1448 

99 

76 

AUGUST 

45 

45 

818 

904 

64 

51 

SEPTEMBER 

38 

37 

592 

646 

45 

39 

OCTOBER 

0 

0 

0 

0 

6 

0 

TOTAL 

201 

200 

3510 

4014 

285 

228 

8437 
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LIFE  CYCLE  COST  ANALYSIS  SUMMARY  STUDY:  6003EC5B 

ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP)  LCCID  1.035 

INSTALLATION  &  LOCATION:  FT.  SILL,  OKLAHOMA  REGION  NOS.  6  CENSUS:  3 

PROJECT  NO.  &  TITLE:  3002-000  ENERGY  SURVEY  OF  ARMY  BOILER/CHILLERS 
FISCAL  YEAR  1991  DISCRETE  PORTION  NAME:  TWO  SPEED  COOLING  TOWER 
ANALYSIS  DATE:  04-11-91  ECONOMIC  LIFE  25  YEARS  PREPARED  BY:  KC 


1.  INVESTMENT 

A.  CONSTRUCTION  COST 

B.  SIOH 

C.  DESIGN  COST 

D.  ENERGY  CREDIT  CALC  ( 1A+1B+1C)X. 9 

E.  SALVAGE  VALUE  COST 

F.  TOTAL  INVESTMENT  (ID-IE) 


$  9499. 

$  523. 

$  570. 

$  9533. 

-$  0. 

$  9533. 


2.  ENERGY  SAVINGS  (+)  /  COST  (-) 

ANALYSIS  DATE  ANNUAL  SAVINGS,  UNIT  COST  &  DISCOUNTED  SAVINGS 


UNIT  COST 

SAVINGS 

ANNUAL  $ 

DISCOUNT 

DISCOUNTED 

FUEL 

$/MBTU ( 1 ) 

MBTU/YR(2) 

SAVINGS ( 3 ) 

FACTOR(4) 

SAVINGS (5) 

A. 

ELECT 

$ 

4.01 

106. 

$ 

425. 

11.37 

4833. 

B. 

DIST 

$ 

.00 

0. 

$ 

0. 

17.06 

0. 

C. 

RESID 

$ 

.00 

0. 

$ 

0. 

16.85 

0. 

D. 

NAT  G 

$ 

2.92 

0. 

$ 

0. 

17.52 

0. 

E. 

COAL 

$ 

.00 

0. 

$ 

0. 

13.34 

0. 

F. 

TOTAL 

106. 

$ 

425. 

$ 

4833. 

3.  NON  ENERGY  SAVINGS (+)  /  COST(-) 

A.  ANNUAL  RECURRING  (+/-) 

(1)  DISCOUNT  FACTOR  (TABLE  A) 

(2)  DISCOUNTED  SAVING/COST  (3A  X  3A1) 


11.65 


$  -570. 

$  -6641. 


C.  TOTAL  NON  ENERGY  DISCOUNTED  SAVINGS(+)  /COST(-)  (3A2+3Bd4)  $  -6641. 


D.  PROJECT  NON  ENERGY  QUALIFICATION  TEST 

(1)  25%  MAX  NON  ENERGY  CALC  (2F5  X  .33)  $  1595. 

A  IF  3D1  IS  =  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  =  (2F5+3D1)/1F)=  _ 

C  IF  3D1B  IS  =  >  1  GO  TO  ITEM  4 

D  IF  3D1B  IS  <  1  PROJECT  DOES  NOT  QUALIFY 


4.  FIRST  YEAR  DOLLAR  SAVINGS  2F3+3A+ ( 3B1D/ (YEARS  ECONOMIC  LIFE))  $  -145. 


5.  TOTAL  NET  DISCOUNTED  SAVINGS  (2F5+3C)  $  -1808. 

6.  DISCOUNTED  SAVINGS  RATIO  (SIR)=(5  /  1F)=  -.19 

(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 

7.  SIMPLE  PAYBACK  PERIOD  (ESTIMATED)  SPB=lF/4  -65.76 
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ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 
FT.  SILL,  OKLAHOMA 

CENTRAL  PLANT:  6003 

ENERGY  CONSERVATION  OPPORTUNITY:  ECO-  6 

SYSTEM  MODIFICATION:  HIGH  EFFICIENCY  MOTOR  REPLACEMENT 
SYSTEMS  TO  MODIFY:  PUMP  &  COOLING  TOWER  MOTORS 


CALCULATION  DESCRIPTION: 

Analysis  spread  sheet  was  prepared  to  determine  the  energy  savings  for 
ECO-6,  install  high  efficiency  motors. 

It  was  estimated  that  the  electrical  energy  can  be  saved  by  installing  high  efficiency 
motors  based  on  the  motor  operating  hours  per  year. 


ANNUAL  UTILITY  SAVINGS 


PC  CUBE  RUN 

Electric 

Nat.  Gas 
(MMBtu) 

Total  Energy 
(MMBtu) 

Demand(kW) 

Enerqy(kWh) 

Baseline 

— 

— 

— 

0 

ECO 

— 

— 

— 

0 

Savinas  (Baseline-ECOf 

12 

25.861 

0 

88 

NOTE:  The  savings  for  this  ECO  did  not  consider  any  interrelated  savings  with  other 

ECOs  identified  as  economically  feasible. 


ENERGY  COST  SAVINGS: 


Electricity: 

88  MMBtuA'r 

X 

$4.0141  /MMBtu  = 

$354  per  year 

Nat.  Gas: 

0  MMBtu/Yr 

X 

$2.92 /MMBtu  = 

$0  per  year 

Total  Energy  Cost  Savings: 

$354 

+ 

$0 

$354  per  year 

NON -ENERGY  SAVINGS  (+).  COST  (-): 

Demand: 

12  kW/month 

X 

$1.787/kW  X 

12  months/year 

=  (+) 

$257 

per  year 

Maintenance:  =  (-) 

$0 

per  year 

Total: 


$257 


$0 


$257  per  year 


1ECO-SHT.WK31 
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HIGH  EFFICIENCY 
MOTOR  REPLACEMENT 


UBOR  RATE: 

19.6  $/hr 

ELECTRIC  CONS. 

0.0137  $/kWH 

ELECTRIC  DEMAND 

1.787  $/kW 

BLDG. 

EQUIPMENT 

MOTOR 

MOTOR 

MEAS 

MEAS 

MEAS 

EXST 

NEW 

KW 

HRS/ 

KWH/YR 

SVGS/ 

NO. 

SERVE 

HP 

FLA 

AMPS 

PF 

VOLT 

EFF 

EFF 

SVGS 

YEAR 

SVGS 

YEAR 

5900 

CWP-1 

50.0 

62.5 

60 

0.82 

460 

91.35% 

93.00% 

0.76 

3672 

2800 

$55 

CWP-2 

60.0 

69 

53.6 

0.88 

460 

92.52% 

94.50% 

0.85 

2215 

1884 

$44 

CWP-3 

60.0 

75 

62 

0.83 

460 

89.92% 

94.50% 

2.22 

810 

1796 

$72 

CWP-4 

75.0 

93 

82.3 

0.87 

460 

86.79% 

93.60% 

4.78 

419 

2003 

$130 

CWP-5 

60.0 

77 

67 

0.80 

460 

91.43% 

94.50% 

1.51 

84 

127 

$34 

CNWP-1 

25.0 

32 

26.3 

0.82 

460 

89.42% 

91.70% 

0.48 

3672 

1746 

$34 

CNWP-2 

30,0 

39.8 

35.6 

0.78 

460 

90.25% 

92.40% 

0.57 

2215 

1266 

$30 

CNWP-3 

30.0 

38 

35.6 

0.82 

460 

89.71% 

92.40% 

0.76 

810 

615 

$25 

CNWP-4 

40.0 

52 

42.9 

0.78 

460 

92.34% 

93.00% 

0.21 

419 

86 

$6 

CNWP-5 

30.0 

38 

32 

0.83 

460 

89.06% 

92.40% 

0.86 

84 

72 

$19 

CTM-1 

25.0 

31 

27.2 

0.87 

460 

86.79% 

91.70% 

1.16 

2229 

2592 

$60 

CTM-2 

Nl 

Nl 

Nl 

CTM-3 

Nt 

Nl 

Nl 

CTM-4 

Nl 

Nl 

Nt 

CTM-5 

20.0 

24 

24.6 

0,87 

460 

89.69% 

91.00% 

0.27 

84 

23 

$6 

HWP(ret)-1 

2.0 

6.2 

5.6 

0.87 

230 

69.43% 

84.00% 

0.48 

3624 

1757 

$34 

HWP(ret)-2 

2.0 

6,2 

5.4 

0.87 

230 

69.43% 

84.00% 

0.47 

3624 

1694 

$33 

HWP(ret)-3 

2.0 

6.2 

5.5 

0.87 

230 

69.43% 

84.00% 

0.48 

3443 

1639 

$33 

HWP(ret)-4 

2.0 

6.2 

5.3 

0.87 

230 

69.43% 

84.00% 

0.46 

2445 

1122 

$25 

HWP(ret)-5 

2.0 

6.3 

5.4 

0.87 

460 

34.17% 

84.00% 

6.50 

1720 

11179 

$293 

HWP(sup)-6 

2.0 

6.2 

5.5 

0.87 

230 

69.43% 

84.00% 

0.48 

910 

433 

$16 

HWP(sup)-7 

15.0  ^ 

19.8 

16.7 

0.87 

460 

81.53% 

90.20% 

1.36 

3624 

4945 

$97 

HWP(sup)-8 

20.0 

24 

15.2 

0.87 

460 

89.69% 

91.00% 

0.17 

2174.4 

369 

$9 

HWP(sup)-9 

20.0 

25 

15.6  ; 

0.86 

460 

87.51% 

91.00% 

0.47 

2174.4 

1015 

$2^ 

HWP(sup)~10 

15.0 

19.8 

16.7 

0.79 

460 

89.79% 

90.20% 

0,05 

1449.6 

77  1 

HWP(sup)-11 

25,0 

30 

29 

0.93 

460 

83.90% 

91.70% 

2.18 

1449.6 

3158 

930* 

DEMAND  CREDIT 

$590 

MMBtu 

145 

TOTAL 

28 

42400 

$1,171 

6003 

CWP-1 

Nl 

Nl 

Nt 

CWP-2 

50.0 

62.5 

44.6 

0.81 

460 

92.48% 

93,00% 

0.18 

3672 

645 

$13 

CWP-3 

50.0 

62.5 

46.4 

0.87 

460 

86.10% 

93.00% 

2.77 

3672 

10181 

$199 

CNWP-1 

Nl 

Nl 

Nl 

CNWP-2 

30.0 

37 

32 

0.84 

460 

90.38% 

92.40% 

0.52 

3672 

1905 

$37 

CNWP-3 

30.0 

37 

31 

0.87 

460 

87.26% 

92.40% 

1.37 

3672 

5029 

$98 

CTM-1 

50.0 

63 

56.3 

0.87 

460 

85.41% 

93.00% 

3.73 

1087 

4051 

$135 

CTM-2 

50.0 

63 

56.3 

0.87 

460 

85.41% 

93.00% 

3.73 

1087 

4051 

$135 

DEMAND  CREDIT 

$264 

MMBtu 

88 

TOTAL 

12 

25861 

$618 
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COST  ESTIMATE  ANALYSIS  INVITATION  NO./CONTRACT  NO.  EFFECTIVE  PRICING  |  DATE  PREPARED 

_ _ _ DACA59-90-C-0087  _ DATE  APR.  91 _ 10-Apr-91 _ 

PROJECT  ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER _  _  CODE  a|  X  |  CODE  b|  [  CODE  C  DRAWING  NO.  SHT  OF 

LOCATION  FT.  SILL.  OKLAHOMA  Lj  OTHER  _ _ 

_ ESTIMATOR  KC  CHECKED  BY  CEL 


SHIPPING 

Total 

Wt 

Unit 

Wt 

TOTAL 

$2,755 

$2,755 

$1,756 

$1,756 

$2,755 

$2,755 

$14,535 

$2,326 

$1,453 

$18,314  i 

$3,663 

$21,976 

$1,209 

$23,185 

_i 

< 

DC 

Cost 

2579.00 

2579.00 

1639.00 

1639.00 

2579.00 

2579.00 

$13,594 

$2,175 

$1,359 

$17,128 

$3,426 

$20,554 

$1,130 

U) 

ct> 

<q 

w 

UJ 

1- 

< 

2 

Unit 

Price 

2579.0 

2579.0 

1639.0 

1639.0 

2579.0 

2579.0 

EQUIPMENT 

Cost 

Unit 

Price 

LABOR 

Cost 

(D 

(0 

(0 

N 

(0 

N 

$941 

$150 

$94 

$1,185 

$237 

$1 .422 

GO 

o 

o 

to 

Unit 

Price 

O 

C\J 

o 

CM 

o 

CM 

o 

CM 

O 

CM 

O 

CM 

Total 

Hrs 

9.0 

O 

0> 

6.0 

6.0 

9.0 

9.0 

MH/ 

Unit 

o 

O) 

9.0 

6.0 

6.0 

0*6 

0  6 

Quantity 

Unit 

Meas 

< 

tJJ 

EA 

EA 

EA 

EA 

< 

HI 

TOTAL  THIS  SHEET  1 

No.  Of 

Units 

L 

16% 

10% 

o 

CM 

5.5% 

MOTOR  REP.  ECO  BLDG.  6003 

HIGH  EFF.  MOTOR  REP.LACEMENT 

TASK  DESCRIPTION 

CWP-2  50.0  HP  MOTOR 

CWP-3  50.0  HP  MOTOR 

CNWP-2  30,0  HP  MOTOR 

CNWP-3  30.0  HP  MOTOR 

CTM-1  50.0  HP  MOTOR 

CTM-2  ‘  50.0  HP  MOTOR 

i 

j 

SUBTOTAL 

OVERHEAD.  BOND 

PROFIT 

COST  SUB-TOTAL 

CONTINGENCY 

SUBTOTAL 

% 

CO 
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LIFE  CYCLE  COST  ANALYSIS  SUMMARY  STUDY:  6003EC6 

ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP)  LCCID  1.035 

INSTALLATION  &  LOCATION:  FT.  SILL,  OKLAHOMA  REGION  NOS.  6  CENSUS:  3 

PROJECT  NO.  &  TITLE:  3002-000  ENERGY  SURVEY  OF  ARMY  BOILER/CHILLERS 
FISCAL  YEAR  1991  DISCRETE  PORTION  NAME:  HIGH  EFF.  MOTOR 
ANALYSIS  DATE:  04-10-91  ECONOMIC  LIFE  25  YEARS  PREPARED  BY:  KC 

1 .  INVESTMENT 

A.  CONSTRUCTION  COST 

B.  SIOH 

C.  DESIGN  COST 

D.  ENERGY  CREDIT  CALC  ( 1A+1B+1C)X. 9 

E.  SALVAGE  VALUE  COST 

F.  TOTAL  INVESTMENT  (ID-IE) 

2.  ENERGY  SAVINGS  (+)  /  COST  (-) 

ANALYSIS  DATE  ANNUAL  SAVINGS,  UNIT  COST  &  DISCOUNTED  SAVINGS 


UNIT  COST 

SAVINGS 

ANNUAL  $ 

DISCOUNT 

DISCOUNTED 

FUEL 

$/MBTU(l) 

MBTU/yR{2) 

SAVINGS ( 3 ) 

FACTOR(4) 

SAVINGS (5) 

A. 

ELECT 

$  4.01 

88. 

$ 

354. 

11.37 

4030. 

B. 

DIST 

$  .00 

0. 

$ 

0. 

17.06 

0. 

C. 

RESID 

$  .00 

0. 

$ 

0. 

16.85 

0. 

D. 

NAT  G 

$  2.92 

0. 

$ 

0. 

17.52 

0. 

E. 

COAL 

$  .00 

0. 

$ 

0. 

13.34 

0. 

F. 

TOTAL 

88. 

$ 

354. 

$  4030. 

NON 

ENERGY 

SAVINGS (+)  / 

COST(“‘) 

A, 

ANNUAL 

RECURRING  (+/ 

-) 

$  257. 

(1)  DISCOUNT  FACTOR 

(TABLE  A) 

11.65 

(2)  DISCOUNTED  SAVING/COST  (3A  X 

3A1) 

$  2994. 

C.  TOTAL  NON  ENERGY  DISCOUNTED  SAVINGS(+)  /COST(-)  (3A2+3Bd4)  $  2994. 


D.  PROJECT  NON  ENERGY  QUALIFICATION  TEST 

(1)  25%  MAX  NON  ENERGY  CALC  (2F5  X  .33)  $ 

A  IF  3D1  IS  =  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  =  (2F5+3D1) /IF) 

C  IF  3D1B  IS  =  >  1  GO  TO  ITEM  4 

D  IF  3D1B  IS  <  1  PROJECT  DOES  NOT  QUALIFY 

4.  FIRST  YEAR  DOLLAR  SAVINGS  2F3+3A+ ( 3B1D/ ( YEARS  ECONOMIC  LIFE))  $  611. 

5.  TOTAL  NET  DISCOUNTED  SAVINGS  (2F5+3C)  $  7024. 

6.  DISCOUNTED  SAVINGS  RATIO  (SIR)=(5  /  1F)=  .32 

(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 

****  Project  does  not  qualify  for  ECIP  funding;  4,5,6  for  information  only. 

7.  SIMPLE  PAYBACK  PERIOD  (ESTIMATED)  SPB=lF/4  36.07 


1330. 

.24 


$  21976. 

$  1209. 

$  1319. 

$  22054. 

-$  0. 

$  22054. 
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ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 
FT.  SILL.  OKLAHOMA 

CENTRAL  PLANT:  6003 

ENERGY  CONSERVATION  OPPORTUNITY:  ECO-  7 

SYSTEM  MODIFICATION:  INSTALL  INSTRUMENTATION  TO  DETERMINE  LOAD 
SYSTEMS  TO  MODIFY: 


CALCULATION  DESCRIPTION: 

Analysis  spread  sheet  was  prepared  to  determine  the  energy  savings  for 
ECO -7,  install  instrumentation  to  facilitate  efficient  operation  of  boiler  plant. 

It  was  estimated  that  the  energy  wasted  from  boiler  in  standby  is  1%  of  the  rated 

output  capacity.  The  hours  when  boilers  are  running  unnecessary  were  estimated  for  each  boiler. 


ANNUAL  UTILITY  SAVINGS 


PC  CUBE  RUN 

Electric 

Nat.  Gas 
(MMBtu) 

Total  Energy 
(MMBtu) 

Demand(kW) 

Enerqv(kWh) 

Baseline 

— 

— 

— 

0 

ECO 

— 

— 

— 

0 

Savinas  (Baseline-ECO) 

0 

0 

67 

67 

NOTE:  The  savings  for  this  ECO  did  not  consider  any  interrelated  savings  with  other 

ECOs  identified  as  economically  feasible. 


ENERGY  COST  SAVINGS: 

Electricity: 

0  MMBtum  X 

$4.0141  /MMBtu  = 

$0  per  year 

Nat.  Gas: 

67  MMBtu/Yr  X 

$2.92 /MMBtu  = 

$196  per  year 

Total  Energy  Cost  Savings: 

$0  + 

$196 

$196  per  year 

NON -ENERGY  SAViNGS  (+),  COST  (-): 

Demand: 

0  kW/month  X 

$1.787/kW  X 

12  months/year 

=  (+) 

$0  per  year 

Maintenance:  =  (-) 

$255  per  year 

Total: 

$0 

$255 

($255)  per  year 

[ECO-SHT.WK31 
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BOILER  STANDBY  SAVINGS 


EXCESS 

STANDBY 

SAVINGS 

{$) 

1 

1 

i 

f 

1 

1 

N 

d 

CM 

$129.96 

$259.43 

w 

d 

44 

CM 

8 

44 

fS 

44 

S 

S; 

44 

1 

8 

CO 

44 

$30.64 

1 

CO 

CO 

f: 

T“ 

44 

1 

EXCESS 

STANDBY 

MMBTU/H 

OJ 

CD 

lO 

U) 

1 

160.99 

lO 

N 

<0 

88.84 

CM 

<0 

d 

CM 

8 

1 

1 

h. 

d 

10.56 

1 

60.73 

EXCESS 

STANDBY 

fHRS/YR> 

o 

O 

o 

<D 

T- 

CM 

o 

o 

O 

N 

o 

CM 

h* 

i 

o 

CM 

o 

1 

o 

CM 

K 

O 

o 

o 

o 

1 

1 

o 

STANDBY 

LOSS 

(1%) 

MMBTU/H 

<o 

o 

6 

<0 

o 

d 

0.0758 

CD 

o 

d 

3 

GO 

O 

d 

5 

8 

d 

CM 

T“ 

0> 

o 

d 

0.0937 

<0 

i 

d 

0.0616 

00 

i 

d 

0.0140 

0.0277 

3 

CM 

O 

d 

S 

o 

d 

0.0171 

8 

O 

d 

0.0163 

8 

T“ 

o 

d 

0.0122 

0.0147 

0.0140 

S 

o 

d 

8 

8 

d 

9 

S 

d 

CALC. 

BOILER 

OUTPUT 

MMBTU/H 

7.58 

SI 

d 

00 

00 

00 

< 

o 

H 

T- 

d 

CM 

T- 

d 

h- 

CO 

d 

TOTAL 

(0 

<d 

1 

1 

CM 

TOTAL 

o 

l: 

oi 

(D 

00 

CM 

TOTAL 

o 

q 

r- 

TOTAL 

.J 

i 

h- 

_ L29 

1.22 

!5 

T- 

§ 

5 

00 

o 

o 

d 

CO 

GO 

TOTAL 

RATED 

BOILER 
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ECO-7,  INSTRUMENTATION  FOR  BOILER  PLANT 
(TYPICAL) 
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LIFE  CYCLE  COST  ANALYSIS  SUMMARY  STUDY:  B6003EC1 

ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP)  LCCID  1.035 

INSTALLATION  &  LOCATION:  FT.  SILL,  OKLAHOMA  REGION  NOS.  6  CENSUS:  3 
PROJECT  NO.  &  TITLE:  3002-000  ENERGY  SURVEY  OF  ARMY  BOILER/ CHILLERS 
FISCAL  YEAR  1991  DISCRETE  PORTION  NAME:  BOILER  INSTRUMENTATION 
ANALYSIS  DATE:  04-12-91  ECONOMIC  LIFE  15  YEARS  PREPARED  BY:  KC 


1.  INVESTMENT 

A.  CONSTRUCTION  COST  $ 

B.  SIOH  $ 

C.  DESIGN  COST  $ 

D.  ENERGY  CREDIT  CALC  ( lA+lB+lC) X. 9  $ 

E.  SALVAGE  VALUE  COST  -$ 

F.  TOTAL  INVESTMENT  (ID-IE)  $ 


2.  ENERGY  SAVINGS  (+)  /  COST  (-) 

ANALYSIS  DATE  ANNUAL  SAVINGS,  UNIT  COST  &  DISCOUNTED  SAVINGS 


4248. 

234. 

255. 

4263. 

0. 

4263. 


UNIT  COST 

SAVINGS 

ANNUAL  $ 

DISCOUNT 

DISCOUNTED 

FUEL 

$/MBTU ( 1 ) 

MBTU/yR(2) 

SAVINGS ( 3 ) 

FACTOR(4) 

SAVINGS(5) 

A. 

ELECT 

$  4.01 

0. 

$ 

0. 

8.78 

0. 

B. 

DIST 

$  .00 

0. 

$ 

0. 

12.34 

0. 

C. 

RESID 

$  .00 

0, 

$ 

0. 

12.05 

0. 

D, 

NAT  G 

$  2.92 

SI. 

$ 

197. 

12.48 

2458. 

E. 

COAL 

$  .00 

0. 

$ 

0. 

10.01 

0. 

F. 

TOTAL 

67. 

$ 

197. 

$  2458. 

NON 

ENERGY 

SAVINGS (+)  / 

COST(-) 

A, 

ANNUAL 

RECURRING  (+/ 

$  -255. 

(1)  DISCOUNT  FACTOR 

(TABLE  A) 

9.11 

(2)  DISCOUNTED  SAVING/ COST  ( 3A  X 

3A1) 

$  -2323. 

C. 

TOTAL  NON  ENERGY  DISCOUNTED  SAVINGS (+) 

/COST(-) 

{3A2+3Bd4) 

$  -2323. 

D.  PROJECT  NON  ENERGY  QUALIFICATION  TEST 

(1)  25%  MAX  NON  ENERGY  CALC  (2F5  X  .33)  $  811. 

A  IF  3D1  IS  =  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  =  (2F5+3D1)/1F)=  _ 

C  IF  3D1B  IS  =  >  1  GO  TO  ITEM  4 

D  IF  3D1B  IS  <  1  PROJECT  DOES  NOT  QUALIFY 

4.  FIRST  YEAR  DOLLAR  SAVINGS  2F3+3A+(3B1D/ (YEARS  ECONOMIC  LIFE))  $  -58. 

5.  TOTAL  NET  DISCOUNTED  SAVINGS  (2F5+3C)  $  135. 

6.  DISCOUNTED  SAVINGS  RATIO  (SIR)=(5  /  1F)=  .03 

(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 

7.  SIMPLE  PAYBACK  PERIOD  (ESTIMATED)  SPB=lF/4  -73.45 
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ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 
FT.  SILL,  OKLAHOMA 


CENTRAL  PLANT:  6003 

ENERGY  CONSERVATION  OPPORTUNITY:  ECO-  10 

SYSTEM  MODIFICATION:  OXYGEN  TRIM  FOR  BURNERS 
SYSTEMS  TO  MODIFY:  BOILER  1  AND  2 


CALCULATION  DESCRIPTION: 

Two  PC-CUBE  program  computer  runs  are  compared  to  determine  the  energy  savings  for 
ECO-10,  install  oxygen  trim  for  burners. 

The  first  computer  run  (Baseline)  is  a  simulation  of  the  existing  structure,  equipment,  and 
systems,  and  how  they  are  presently  operated.  The  second  computer  run  (ECO)  is  also  a 
simulation  of  the  existing  building  with  modifications  implemented  in  the  systems,  equipment, 
or  the  operation.  The  difference  in  the  totals  from  the  two  computer  runs  represents  the  savings. 


ANNUAL  UTILITY  SAVINGS 


Electric 

Nat.  Gas 

Total  Energy 

PC  CUBE  RUN 

Oemand(kW) 

Energy(kWh) 

(MMBtu) 

(MMBtu) 

Baseline 

— 

— 

71,623 

71,623 

ECO 

— 

71,173 

71,173 

Savings  (Base line -ECO) 

0 

0 

450 

450 

NOTE:  The  savings  for  this  ECO  did  not  consider  any  interrelated  savings  with  other 

ECOs  identified  as  economicaliy  feasible. 


ENERGY  COST  SAVINGS: 


Electricity: 

0  MMBtuA'r 

X 

$4.0141  /MMBtu  = 

$0 

per  year 

Nat.  Gas: 

450  MMBtu/Yr 

X 

$2.92 /MMBtu  = 

$1,314 

per  year 

Total  Energy  Cost  Savings: 

NON -ENERGY  SAVINGS  (+),  COST  (-): 

$0  + 

$1,314 

$1,314 

per  year 

Demand: 

0  kW/month 

X 

$1.787/kW  X 

12 

months/year 

=  (+) 

$0  per  year 

Maintenance; 

=  {-) 

$1,187  per  year 

Total: 

$0 

$1,187 

($1,187)  per  year 

(ECO-SHT.WK3] 
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PC-CUBE  VERSION  2.0.3 


PAGE  NO.  21 


CENTRAL  PLANT  6003  BASELINE- 1 

SYSTEM  Cl  NORMAL  HEATING  AND  COOLING  LOADS 


**  TOTAL  ** 


FUEL  AND  POWER  CONSUMPTION  SYSTEM  Cl 

TOTAL  GAS  CONSUMP. ,  1000  CU  FT  71623. 

PEAK  DAY  GAS  CONSUME.,  1000  CU  FT  703. 

ELECTRICAL  CONSUMPTION,  KWH  976518. 

PEAK  KW  DEMAND  (15  MIN  BASIS)  417. 

PURCHASED  ELECTRIC  POWER 

ON-PEAK  CONSUMPTION  KWH  976518. 

ON-PEAK  KW  DEMAND  (15  MIN  BASIS)  417. 

MID-PEAK  CONSUMPTION  KWH  0. 

MID-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

OFF-PEAK  CONSUMPTION  KWH  0. 

OFF-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

GENERATED  ELECTRICAL  POWER  KWH  0. 

SOLD  ELECTRICAL  POWER  KWH  0. 

AUXILIARY  FUEL  CONSUMPTION  0. 

DIR.  PROC.  GAS  CONSUME.,  1000  CF  0. 

CHILLER  OPERATING  HOURS 

CHILLER  1  3672 

CHILLER  2  3672 

BOILER  OPERATING  HOURS 

BOILER  1  3624 

BOILER  2  2615 

RECOVERABLE  HEAT  USED,  MBTU  0. 

RECOVERABLE  HEAT  UNUSED,  MBTU  0. 
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PC-CUBE  VERSION  2.0.3 

CENTRAL  PLANT  6003  BOILER  ECO- 4 

SYSTEM  CX  NORMAL  HEATING  AND  COOLING  LOADS 


FUEL  AND  POWER  CONSUMPTION  SYSTEM  Cl 

TOTAL  GAS  CONSUME.,  1000  CU  FT  71173. 

PEAK  DAY  GAS  CONSUMP.,  1000  CU  FT  703. 

ELECTRICAL  CONSUMPTION,  KWH  976518. 

PEAK  KW  DEMAND  (15  MIN  BASIS)  417. 

PURCHASED  ELECTRIC  POWER 

ON-PEAK  CONSUMPTION  KWH  976518. 

ON-PEAK  KW  DEMAND  (15  MIN  BASIS)  417. 

MID-PEAK  CONSUMPTION  KWH  0. 

MID-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

OFF-PEAK  CONSUMPTION  KWH  0. 

OFF-PEAK  KW  DEMAND  (15  MIN  BASIS)  0. 

GENERATED  ELECTRICAL  POWER  KWH  0. 

SOLD  ELECTRICAL  POWER  KWH  0. 

AUXILIARY  FUEL  CONSUMPTION  0. 

DIR.  PROC.  GAS  CONSUMP.,  1000  CF  0. 

CHILLER  OPERATING  HOURS 

CHILLER  1  3672 

CHILLER  2  3672 

BOILER  OPERATING  HOURS 

BOILER  1  3624 

BOILER  2  2615 

RECOVERABLE  HEAT  USED,  MBTU  0. 

RECOVERABLE  HEAT  UNUSED,  MBTU  0. 
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**  TOTAL  ** 
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SPECI^IONS-AIR  MIZER  H  SYSTEM 


SENSOR 


Nominal  Dimensions:  14V(i"H  x 
10V4"W  X  10  "D  (37.2  X  26  X  25.4  cm) 

Enclosure:  Weather  reslstant—S.S. 
case,  nickel  plated  carbon  steel 
base 

Weight:  55  pounds  (25  kg) 

Accuracy:  ±1%  of  net  excess  oxy¬ 
gen 

Repeatability:  ±0,2%  of  measured 
value 

Response:  90%  of  full  scale  In  less 
than  5  seconds 

Drift:  Less  than  0.1  %  of  sensor  cell 
output  per  month 

Ambient  Temperatures:  -5  to 
+  175"F  (-20,5  to  -r-79‘’C) 

Sample  Temperatures:  Upto  1300®F 
(704  “C)  with  standard  probe 

Sample  Flow  Rate:  0.1  to  120  scfh 
(0.47  to  56.65  llters/mlnule) 

Air  Aspirator  Requirements:  10  to 
20  scfh  (4.72  to  14.16  liters/  min) 
at  15-100  psi  (1.05  to  7.037  kg/cm') 
(Aspirator  air  regulator  furnished 
with  sensor  normally  set  at  2-7 
psI;  0.14  •  0.49  kg/cm*) 

Calibration:  With  analyzed  oxygen 
In  nitrogen  sample.  Calibration 
port  provided. 

CONTROL  UNIT 

Nominal  Dimensions:  12V.  "H  X 
107. ”W  X  97.  "D  (32.1  x  27.6  x  23.2 
cm) 

Enclosure:  Wall/panel  mounted- 
meets  the  requirements  for  NEMA 
4  areas 

Weight:  22  pounds  (10  kg) 


Temperature  Control:  On-Off  by  mi¬ 
croprocessor  ( ±  1  °C) 

Linearization:  256  segments  from 
20%  to  0.2%  0„  (218  from  10%  to 
0.2%),  by  microprocessor 

Controller  Action:  On-Off— "On” 
lime  adjustable  2-20  seconds. 
"Off”  lime  adjustable  2-60 
seconds. 

Deadband:  ±  0.25%  oxygen. 
LED’s  Indicate  motor  driving. 

Will  not  allow  decrease  In  air 
when  Oj  is  below  0.5%  oxygen. 
Air  flow  will  increase  to  +15% 
max.  If  Oj  level  Is  above  12%. 

Setpoint:  0  to  10%  oxygen  by  either 
of:  A.  Two  banks  of  5  slide  pots, 
(Dual  Fuel)  selectable  by  slide 
switch;  proper  pot  or  pots  con¬ 
nected  to  processor  by  switch  In 
actuator,  B.  Manual  pot  on  panel 
A  or  B  selected  by  Remote/Local 
switch  on  panel.  Setpoint  In¬ 
dicated  by  edge  reading  meter 
(0-10%) 


Manual  Control:  Manual/Aulo 
switch  and  Increase— decrease 
push  buttons  (Spring  return 
switch  inside  control  unit  can 
override  all  control  actions  in  the 
event  of  processor  failure). 

Ready  Indicator:  On  at  temperature 
set  point.  Off  below  temperature 
set  point.  Flashes  above  tempera¬ 
ture  set  point.  Oj  Control  In 
“manual”  when  below  set  point. 

Oxygen  Scale:  20.9  to  0.1%  O, 
Logarithmic 

Alarms:  High  and  Low  O,  adjustable 
0.2  to  20%.  RTD  Failure  (shuts 
down  temperature  control,  and 
puts  O,  control  in  “manual”). 


Increase  Air  Override:  Contact  clo¬ 
sure  from  optional  combustibles 
or  smoke  detector  alarm  will 
cause  Increase  in  air  signal  on 
each  control  pulse  regardless  or 
Oj  vs.  Oj  setpoint  relationship. 
Once  combustibles  contact  opens, 
normal  control  will  resume.  This 
maintains  air  flow  at  a  level  where 
maximum  allowable  combustibles 
or  smoke  is  not  exceeded. 

Ambient  Temperature  Limits:  32  *F 
to  140T  (0  to  +60‘’C) 

Recorder  Output:  0-100  mv  = 
0-20%  O,  Linear  (0-50  mv  =0-10%) 
Other  current  or  voltages  outputs 
optional 


Overall  Size:  17V2"L  x  4'’W  x 
10V4"H  (44.5  X  10.2  x  26  cm) 

Weight:  16.5  pounds  (7.5  kg) 
Angular  Travel  (Input  Arm):  60* 
Linear  Link  Travel:  Adjustable  4^^  to 
10"  at  4"  to  10"  Radius  (10.2  to 
25.4  cm  at  10.2  to  25.4  cm  Radius) 

Linear  Link  Force:  100  pounds  at 
4"  Radius  (45.5  kg  at  10.2  cm 
Radius) 

70  pounds  at  6"  Radius  (31.8  kg  at 
15.2  cm  Radius) 

40  pounds  at  10"  Radius  (18.2  kg 
at  25.4  cm  Radius) 

Case:  Suitable  for  areas  requiring 
NEMA  2  equipment  (Drip  proof  In¬ 
door) 

Correction:  -  15%  to  +  15%  (.85  to 
1.15  gain)  of  normal  air  flow 
Speed:  60  seconds  from  -15%  to 
+ 15%  correction  (max.) 

Load  Indication:  9  position  shorting 
switch  tied  to  Input  arm 

Brake:  Internal  brake  will  hold  load 
at  any  above  jated  force  without 
"coasting” 

Ambient  Temperature  Limits:  0*Fto 
160T(-18to  +71*0 
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COST  ESTIMATE  ANALYSIS  INVITATION  NO./CONTRACT  NO.  EFFECTIVE  PRICING  DATE  PREPARED 

_ _  DACA  59-a0-C-0037  _ DATE  APR.  91 _ 08-Apf-91 _ 

PROJECT  ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER _  _  CODE  A  X  CODE  b|  |  CODEC  DRAWING  NO.  SHT  OF 

LOCATION  FT.  SILL,  OKLAHOMA  I _ I  OTHER  _ _ 

ESTIMATOR  KC  CHECKED  BY  CEL 
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LIFE  CYCLE  COST  ANALYSIS  SUMMARY  STUDY:  6003EC10 

ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP)  LCCID  1.035 

INSTALLATION  &  LOCATION:  FT.  SILL,  OKLAHOMA  REGION  NOS.  6  CENSUS:  3 
PROJECT  NO.  &  TITLE:  3002-000  ENERGY  SURVEY  OF  ARMY  BOILER/CHILLERS 
FISCAL  YEAR  1991  DISCRETE  PORTION  NAME:  BOILER  02  TRIM  CONTROL 
ANALYSIS  DATE;  04-10-91  ECONOMIC  LIFE  15  YEARS  PREPARED  BY:  KC 

1.  INVESTMENT 


A. 

CONSTRUCTION  COST 

$ 

19036. 

B* 

SIOH 

$ 

1047. 

C. 

DESIGN 

COST 

$ 

1143. 

D. 

ENERGY 

CREDIT  CALC  ( 1A+1B+1C)X.9 

$ 

19103. 

£• 

SALVAGE 

VALUE  COST 

-$ 

0. 

F. 

TOTAL  INVESTMENT  (ID- 

■IE) 

$ 

19103. 

ENERGY  SAVINGS  (+)  /  COST  (-) 

ANALYSIS  DATE  ANNUAL  SAVINGS,  UNIT  COST  & 

DISCOUNTED  SAVINGS 

UNIT  COST 

SAVINGS 

ANNUAL  $ 

DISCOUNT 

DISCOUNTED 

FUEL 

$/MBTU(l) 

MBTU/YR(2) 

SAVINGS ( 3 ) 

FACTOR(4) 

SAVINGS<5) 

A. 

ELECT 

$  4.01 

0. 

$ 

0. 

8.78 

0. 

B, 

DIST 

$  .00 

0. 

$ 

0. 

12.34 

0. 

C. 

RESID 

$  .00 

0. 

$ 

0, 

12.05 

0, 

D. 

NAT  G 

$  2.92 

450. 

$ 

1314. 

12.48 

16399. 

E. 

COAL 

$  .00 

0. 

$ 

0. 

10.01 

0. 

F. 

TOTAL 

450. 

$ 

1314. 

$ 

16399. 

NON 

[  ENERGY 

SAVINGS (+)  / 

COST(-) 

A. 

ANNUAL 

RECURRING  (+/ 

“) 

$ 

-1187. 

(1)  DISCOUNT  FACTOR 

(TABLE  A) 

9.11 

(2)  DISCOUNTED  SAVING/ COST  ( 3A  X 

3A1) 

$ 

-10814. 

C. 

TOTAL  NON  ENERGY  DISCOUNTED  SAVINGS (+) 

/COST(-) 

(3A2+3Bd4) 

$ 

-10814. 

D. 

PROJECT  NON  ENERGY  QUALIFICATION 

TEST 

(1)  25%  MAX  NON  ENERGY  CALC  (2F5  X  .33)  $  5412. 

A  IF  3D1  IS  =  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  =  (2F5+3D1)/1F)= 

C  IF  3D1B  IS  =  >  1  GO  TO  ITEM  4 

D  IF  3D1B  IS  <  1  PROJECT  DOES  NOT  QUALIFY 

4.  FIRST  YEAR  DOLLAR  SAVINGS  2F3+3A+(3B1D/ (YEARS  ECONOMIC  LIFE))  $  127. 

5.  TOTAL  NET  DISCOUNTED  SAVINGS  (2F5+3C)  $  5585. 

6.  DISCOUNTED  SAVINGS  RATIO  (SIR)=(5  /  1F)=  .29 

(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 

7.  SIMPLE  PAYBACK  PERIOD  (ESTIMATED)  SPB=lF/4  150.42 
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ENERGY  SURVEY  OF  ARMY  BOILER  AND  CHILLER  PLANTS 
FT.  SILL,  OKLAHOMA 


CENTRAL  PLANT:  6003 

ENERGY  CONSERVATION  OPPORTUNITY:  ECO-  15 

SYSTEM  MODIFICATION:  GAS  TURBINE  ENGINES  AND  HEAT  RECLAIMATION 
SYSTEMS  TO  MODIFY:  GAS  TURBINE  GENERATOR/  HEAT  RECLAIM  BOILER 


CALCULATION  DESCRIPTION; 

Two  PC-CUBE  program  computer  runs  are  compared  to  determine  the  energy  savings  for 
ECO-15,  install  nat.  gas  turbine  engines  and  heat  reclaim. 

The  first  computer  run  (Baseline)  is  a  simulation  of  the  existing  structure,  equipment,  and 
systems,  and  how  they  are  presently  operated.  The  second  computer  run  (ECO)  is  also  a 
simulation  of  the  existing  building  with  modifications  implemented  in  the  systems,  equipment, 
or  the  operation.  The  difference  in  the  totals  from  the  two  computer  runs  represents  the  savings. 


ANNUAL  UTILITY  SAVINGS 


Electric 

Nat.  Gas 

Total  Energy 

PC  CUBE  RUN 

Demand(kW) 

Energy(kWh) 

(MMBtu) 

(MMBtu) 

Baseline 

417 

977,000 

15,288 

18,623 

ECO 

0 

0 

64,891 

64,891 

Savings  (Baseline-ECO) 

417 

977.000 

f49.6031 

(46.2681 

NOTE:  The  savings  for  this  ECO  did  not  consider  any  interreiated  savings  with  other 

ECOs  identified  as  economically  feasible. 


ENERGY  COST  SAVINGS: 

Electricity;  3335  MMBtu/Yr  X  $4.0141 /MMBtu  =  $13,385  per  year 


Nat.  Gas:  -49603  MMBtu/Yr  X  $2.92 /MMBtu  =  ($1 44,841  )per  year 

Total  Energy  Cost  Savings:  $13,385  +  ($144,841)  =  ($131,456)  per  year 

NON -ENERGY  SAVINGS  (+).  COST  (-): 

Demaid:  417  kW/month  X  $1.787/kW  X  12  months/year 

=  (+)  $8,942  per  year 

Maintenance:  =  (-)  $3,000  per  year 

Total:  $8,942  -  $3,000  =  $5,942  per  year 

_  [ECO-SHT.WK31 _ 
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CENTRAL  PLANT  6003  BASELINE- 2 


PC “CUBE  VERSION  2.0.3 


PAGE  NO. 


*im<li********A*^*** 


GAS 

GAS 

ON-PK 

ON-PK 

DEMAND 

CONSUME 

DEMAND 

CONSUME 

MCF 

MCF 

KW 

THOU  KWH 

Cl 

1 

0. 

0. 

0. 

0. 

Cl 

2 

0. 

0. 

0. 

0. 

Cl 

3 

0. 

0. 

0. 

0. 

Cl 

4 

113. 

2997. 

0. 

0. 

Cl 

5 

112. 

3098. 

"  0. 

0. 

Cl 

6 

114. 

2997. 

0. 

0. 

Cl 

7 

112. 

3098. 

0. 

0. 

Cl 

8 

113. 

3098. 

0. 

0. 

Cl 

9 

113. 

2997. 

0. 

0. 

Cl 

10 

112. 

3098. 

0, 

0. 

Cl 

11 

0, 

0. 

0. 

'  0. 

Cl 

12 

0. 

0. 

0. 

0. 

PURCHASED 

ELECTRICAL 

MID-PK 

MID-PK 

OFF-PK 

OFF-PK 

AUX 

AUX 

DEMAND 

CONSUME 

DEMAND 

CONSUME 

FUEL 

FUEL 

KW 

THOU  KWH 

KW 

THOU  KWH 

CONSUME 

HRS 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

Total  gas  consumption  -  May  through  September,  15,288  MMBtu 
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PC-CUBE  VERSION  2.0.3 


PAGE  NO.  25 


CENTRAL  PLANT  6003  BASELINE- 1 


★*****^***********  purchased  ELECTRICAL  *^**^************ 


GAS 

GAS 

ON-PK 

ON-PK 

MID-PK 

MID-PK 

OFF-PK 

OFF-PK 

AUX 

AUX 

DEMAND 

CONSUMP 

DEMAND 

CONSUMP 

DEMAND 

CONSUMP 

DEMAND 

CONSUMP 

FUEL 

FUEL 

MCF 

MCF 

KW 

THOU  KWH 

KW 

THOU  KWH 

KW 

THOU  KWH 

CONSUMP 

HRS 

Cl 

1 

703. 

20309. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

Cl 

2 

620. 

15009. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

Cl 

3 

432. 

11800. 

0. 

0. 

0. 

0, 

0. 

0. 

0. 

0, 

Cl 

4 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

n 

0. 

f\ 

Cl 

5 

0. 

0. 

■  isy.""' 

0. 

0. 

0. 

0  • 

U  • 

U  • 

Cl 

6 

0. 

0. 

382. 

199. 

0. 

0. 

0. 

0. 

0. 

0. 

Cl 

7 

0. 

0. 

414. 

221. 

0. 

0. 

0. 

0. 

0. 

0. 

Cl 

8 

0. 

0. 

417. 

221, 

0. 

0. 

0. 

0. 

0. 

0. 

Cl 

9 

0. 

0.^ 

335. 

181. 

0. 

0. 

0. 

0. 

0. 

0. 

Cl 

10 

0. 

0. 

0, 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

Cl 

11 

329. 

8592. 

0. 

0. 

0. 

0. 

0. 

0, 

0. 

0. 

Cl 

12 

585. 

15913. 

0. 

0. 

0. 

0. 

0. 

0. 

0, 

0. 

Total  electrical  consumption  -  May  through  Septemeber  977,000  kWh 
Peak  electrical  demand  -  August,  417  kW 
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PC -CUBE  VERSION  2.0.3 

CENTRAL  PLANT  6003  COGENERATION,  ELECTRIC  MOTOR  CHILLER 


******************  PURCHASED  ELECTRICAL  ***************** 


GAS 

GAS 

ON-PK 

ON-PK 

MID-PK 

MID-PK 

OFF-PK 

OFF-PK 

AUX 

AUX 

DEMAND 

CONSUME 

DEMAND 

CONSUMP 

DEMAND 

CONSUMP 

DEMAND 

CONSUMP 

FUEL 

FUEL 

MCF 

MCF 

KW 

THOU  KWH 

KW 

THOU  KWH 

KW 

THOU  KWH 

CONSUMP 

HRS 

B1 

1 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

B1 

2 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0, 

0. 

B1 

3 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

B1 

4 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

B1 

5 

398. 

11954. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

B1 

6 

455. 

12916. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

B1 

7 

467. 

13806. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

B1 

8 

469. 

13818. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

B1 

9 

432. 

12396. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

B1 

10 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

B1 

11 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

B1 

12 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

Total  gas  consumption--  May  through  September,  64,891  MMBtu 
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APPENDIX  E 


FIELD  SURVEY  NOTES 


CHILLER-RELATED  EQUIPMENT 


TEST  INSTRUMENT  INFORMATION 


E-1 


Contract  No.  DACA  56-90-C-0087. 

Energy  Study  Army  Boiler  and  Chiller  Plants  at  Ft.  Sill,  Oklahoma. 


TEST  INSTRUMENTATION  USED: 

1.  Flow  meter:  Ultasonic  flow  meter  with  clamp  on  probes. 

Dynasonics,  Inc.,  Model  Mark-3,  Series  900,  SN 
Purchased  new  August  1990,  factory  calibrated. 

Repeatability,  linearity,  and  system  accuracy,  see  specs. 

Used  for  chilled  water  and  condenser  water  flow  measurements. 

2.  Water  temperature  digital  thermometers: 

Digital  thermometer  which  can  measure  temperature  1,  temperature  2,  or 
delta  temperature  (T1-T2). 

Omega  Meter,  two.  Model  HH-23:Z1,  SN  T-54472  and  T-54474. 
Temperature  probes,  four.  Model  HPS-CASS-14U-12-SMP-M,  no  SN 
Purchased  new  August  1990,  factory  calibrated. 

Accuracy,  see  specs. 

3.  Electric  meter:  Digital  power  meter,  measures  amps,  volts,  kW,  kVAR,  KVA,  for  three 

phase  circuits. 

Esterline  Angus  Power  Master  111  AC  Multimeter,  SN3182 
Calibrated,  9/6/90. 

Accuracy,  see  specs. 

4.  Temperature  and  humidity  digital  meter: 

Digital  temperature  and  humidity  probe  and  meter  for  reading  outside 
air  conditions. 

General  Eastern,  Model  800B-2-9-7. 

Calibrated,  8/31/90. 

Accuracy,  temperature  -l-/-0.5oF  ,  relative  humidity  +/-  2%  RH. 

5.  Combustion  gas  monitor: 

Digital  oxygen,  CO,  and  temperature  meter  for  boiler  combustion 
monitoring. 

Neotronics,  Model  350,  Part  No.  300-0266-03,  SN  0200645. 

Purchased  new  2''91,  factory  calibrated. 

Accuracy,  see  specs. 

6.  Pressure  test  gauges: 

Omega  test  gauge,  0-100  psig,  0.2  psi  subdivisions,  accuracy  0.25%. 
Omega  test  gauge,  0-30  psig,  0.1  psi  subdivisions,  accuracy  0.25%. 
Purchased  new,  8/29/90,  factory  calibrated. 
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iTOmiMMlMLl  . . . 

■jjoHjiiiuMljJiliM 

Dynasonics;  a  teciinologidal  leaner* 

lias  engineepail  all  the  latest  teehnlcal  adVailcee  In  one  FloWiiieiliv 

□  Prompting  Microprocessor 


•  Self-Instructing  Data  Entry  •  Rate  Readout  in  GPM,'Ff’S;''MQ6,  of 

•  Volume  Readout  in  Gals.,  or  Metric  ♦  Set  Span  for  4-2d  hrta  Output  ;  I'’ 

•  Select  Damp  Range  •  Rate  and  Total  Volume  Displays  always  Indicate  Units  S#(eb"ted|w&^® 'ffel 

■  •  Battery  Backed  Up  Parameter  Memory  '  ‘  • 

□  Digital  Filtering;  Auto  Frequency  IVackIng  '  ^ 

•  Tracks  and  Locks  on  Desired  Frequency  •  Eliminates  UndesIred  Error  Frequencies 

•  Linearizes  Turbulent/Unsymmetrical  Flows  •  Allows  Mounting  Transducers  without  Straight  Pipe  ttUftS  ^ 

□  Auto  Damping  '  ^ 

•  Auto  Adjusts  Damping  to  Flow  Rate  Change 

•  Provides  Steady  Repeating  at  Stabilized  Flow 

•  Rapidly  tracks  significant  Flow  Change 

•  Dynamic  Process  Tracking 


□  Easy  Operation 

•  Light  Weight—Less  than  18  Lbs. 

•  Operates  with  Cover  Closed 

•  Self-Contained  Battery  w/charger 

•  One  Hand  Transducer  Strap  On 

□  Cost  Effective 

•  Cost  Reduction  for  Survey 
Measurements — Non-invasive 

•  Lower  Cost  than  Flowmeters  Producing 
Comparable  Measurements 
•  Flow  Measurements  In  Several  Minutes, 
Without  Special  Pipe  Preparation 
W  •  Virtually  All  Liquids,  Independent  of  their 
Physical  or  Chemical  Properties 


APPLICATION  NOTE 


DATE:  11/88 

REVISED:  4/89 

NUMBER:  1009 


SPECIFICATIONS 
M3>900  FLOWMETER 

ULTRASONIC  DOPPLER  FOR  CLEAN  AND  DIRTY  LIQUIDS 


GENERAL 


The  flowmeter  shall  be  the  latest  state-of-the-art  ultrasonic 
design  utilizing  the  phase  shift  method,  not  recpiiring  any 
suspended  solids  for  operation.  It  will  provide  indicating  and 
transmitting  of  flow  rate  in  a  full  pipe.  The  operational- 
specifications  shall  be:  electronics  repeatability  and  linearity, 
+/-.!%  full  scale,  total  system  accuracy  of  +/-5%.  Unit  can  be 
field  calibrated  to  1%  of  field  reference. 

The  meter  shall  operate  on,  but  not  be  limited  to  the  following 
pipe  materials:  carbon  steel,  ductile  iron,  cast  iron,  FRP  and 
PVC.  The  ultrasonic  flowmeter  shall  not  require  a  spool  section 
and  shall  operate  on  a  straight  section  of  pipe  having  homogeneous 
construction.  Each  meter  shall  respond  to  changes  in  flow  when  the 
medium  is  clear  or  contains  suspended  particles. 

FLOWMETER  ELECTRONICS 


The  electronics  shall  be  housed  in  a  NEMA  IV  enclosure  and  shall 
operate  at  temperatures  between  0°C  and  SO^C.  All  electronic 
circuits  will  be  coated  with  a  mil-spec  anti-fungus  compound.  The 
front  of  the  housing  shall  be  hinged  to  provide  easy  access  to  all 
controls  and  be  suitable  for  wall  or  pipe  stand  mounting.  The 
transmitter/ indicator  shall  be  capable  of  being  calibrated  for 
different  flow  ranges  on  1”  through  60”  pipe  sizes  without 
replacement  of  any  metering  or  sensing  component.  The  transmitter 
shall  include  adjustment  for  mA  span,  mA  0,  signal  damping  and  for 
range  calibration.  The  transmitter/indicator  shall  contain  an 
internal  range  switch  enabling  the  flow  rate  to  be  changed  from  5, 
10,  20  EPS.  The  flowmeter's  electronic  calibration  can  be  checked 
by  the  optional  microprocessor  which  induces  a  calibration 
frequency  to  assume  full  scale  flow.  The  flowmeter  electronics 
shall  be  powered  by  120  VAC  at  50/60  Hz. 

A  transformer  isolated  4-20  mA  output  shall  be  provided  and  be 
proportional  to  flow.  The  maximum  resisted  load  shall  be  600  ohms. 
Output  current  limiting  circuitry  shall  be  provided. 


P.O.  Box  667  •  522  W.  Fifth  Avenue  •  Naperville.  IL  60540  •  312/355-3055  •  Fax-312-355-9408 
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M3-900  SPECIFICATIONS  -  PAGE  2 


The  transmitter  shall  include  recognition  circuits  to  condition  the 
signal  being  generated  by  the  transducer.  A  digital  filtering 
system  shall  discriminate  between  the  desired  linear  signals  and 
the  non-linear  signals  at  a  point  of  non-symmetrical  turbulence 
that  is  downstream  of  an  elbow  for  accurate  measurement  of  clean 
liquid  applications.  Unit's  fault  and  read  indication  will  verify 
operation  on  application. 

TRT^SDUCER 

The  electronic  flow  sensing  devices  (transducers)  shall  be  capable 
of  being  mounted  to  the  outside  of  the  pipe  installed  and  removed  * 
without  interrupting  flow  in  the  line.  The  transducers  shall  be 
of  the  piezo-electric  type;  one  transducer  with  a  transmit  crystal, 
the  other  with  a  receive  crystal.  The  transducers  shall  be 
designed  to  operate  continuously  at  temperatures  of  up  to  ISO^F. 
An  adjustable  strap  shall  be  provided  as  a  means  of  quickly 
mounting  and  demounting  transducers. 

The  sensing  element  (transducer)  shall  be  supplied  as  a  dual 
weatherproof  assembly  with  20  ft.  of  flexible  armoured  conduit  and 
shall  be  mounted  on  the  pipe  according  to  the  manufacturer's 
recommendations . 

MANUFACTURER 

The  ultrasonic  clean  water  flowmeter  shall  be  the  Dynasonics  Model 
M3-900  or  a  pre-approved  equal. 

INSTALLATION  SERVICES /START-UP 

The  manufacturer's  agent  shall  demonstrate  like  portable  equipment 
to  ensure  that  the  correct  doppler  flowmeter  is  selected  for  the 
user's  application. 


Dynasonics.  Inc.  •  RO.  Box  667  •  522  W.  Fifth  Avenue  •  Naperville,  IL  60540  •  312/355-3055  -  telex  754364 
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TEMPERATURE— HANDHELD  INDICATORS 


The  Exceptional  Digital  Thermometers 

Models  HH-22:Z1  and  HH-23:Z1 


•  0.1"  Resolution  in 
"F/"CforJ,K,  andT 

•  Dual  Input  with  T1,  T2  and 
A  T  Measurement 

•  High  Accuracy 

•  Trend  Indication  and  Display 
Hold 

•  Max/Min  Storage  of  T1,  T2 
and  Difference 

•  Retention  of  User 
Programming 

TheHH-22andHH-23 
microprocessor-based  digital 
thermometers  are  exceptional 
instruments,  with  innovations  not 
previously  available  in  a  handheld. 
Innovations  like  a  trend  display  and 
self-diagnostics,  combined  with  0.1% 
of  reading  accuracy,  0.1®  F/C 
resolution,  dual  input,  differential 


SPECIFICATIONS 

Inputs:  thermocouple,  types  J  and  K 
(HH23hasJ/K/T) 

Display:  5  digit  LCD;  custom 
indicators  for  input  selection  and 
type,  units,  HOLD,  trend  arrows, 
REC,  MIN,  MAX,  VIEW,  BAT 
Keypad:  9  momentary  switches  with 
tactile  feedback  that  select  power, 
input  type,  units,  resolution,  hold, 
record/view  min/max,  stop/clear 
recording 

Power  Off  Configuration 
Retention:  retention  of  selected 
readout,  input  type,  units  and 
resolution 

Diagnostics:  low  battery,  open 
thermocouple,  invalid  keypad  entry, 
out  of  range,  internal  hardware  fault 
Dimensions:  7.0"  H  x  2.9"  W  x  1 .1  "D 
Weight:  1 0  oz 
Repeatability:  0.2°C 


Range,  Type  K:  -328to2502®F: 
-200to1372®C 

Range,  Type  J:  -  346  to  1400®F; 
-210to760®C 

Range,  Type  T  (model  HH23  only): 
-328to752®F:  -200to400®C 
Resolution:  0.1  ®  throughout  entire 
range 

Accuracy:  ±{0.1% rdg  +  1.0®F) 
Temperature  Coefficient:  64  to 
82.4*  F,  included  in  accuracy;  32  to 
64»F  and  82  to  122*F:  ±  (0.02%  rdg 
+  0.1»C)/»C 

Operating  Environment:  32  to 

122"F,0to80%RH 

Reading  Rate:  1  per  second 

Max.  Common  Mode  Voltage:  42  V 

peak  to  earth  ground 

Power:  9  Vdc  battery 

Battery  Life,  Continuous:  200  h 

typical,  lithium  battery 


measurement,  display  hold,  J,  K  and 
T  type  thermocouple  inputs,  and 
min/max  data  storage  make  the 
HH-22  and  HH-23  extraordinary 
values. 

These  instruments  are  truly  user- 
friendly.  User-selected  features,  such 
as  thermocouple  type  and  units,  are 
retained  by  the  unit  when  power  is 
shut  off;  when  turned  back  on,  the 
unit  remembers  these  parameters,  so 
reprogramming  isn’t  necessary. 

High  accuracy  and  field  portability 
are  combined  in  the  HH-22  and 
HH-23.  Along  with  the  other  features, 
the  case  is  drop,  splash  and  dust  Lithium 

proof,  and  has  a  built-in  tilt 
stand/hanger  for  bench  use  or  hands¬ 
free  field  measurements. 


MADE  IN 


How  to  Order 


Model  No.  Price  Description 


HH-22;Z1  I  $169  J/K  Digital  Thermometer  with  trend  indication 


HH»23:21  (>1 89j^  J/K/T  Digital  Thermometer  with  trend  indication 

S0800;Z1  10  soft  carrying  case 


HH22«AC:Z1  30  9  Vdc  NiCad  Battery  w/1 1 0  Vac  charger _ 

Each  unit  comes  complete  with  2  beaded  wire  type  K  thermocouples,  1  type  K  TAS 
transitbn  adaptor,  Integral  tilt  stand/handle,  wrist  strap,  9V  lithium  battery 


F680APR82 


ESTERLINE  ANGUS 


AN  ESTEtLINE  COMPANY 


Esterline  Angus  Power  Master  III  AC  Multimeter 


Instrument  complete  with  case  and  optional  Light  ciftuit  Ibad  survey  analysis  for  commercial  Switch  gear  3<phase  circuit  analysis 

package  for  polyphase  measurements.  and  industrial  complexes 


Model  No.  PMm 

The  Esterline  Angus  Power  Master  HI  AC  Multimeter  will  mea¬ 
sure  all  AC  parameters  on  single  and  three-phase  (balanced 
or  unbalanced)  power  circuits.  A  process  utilizing  three  full 
elements  is  employed,  with  transformer  isolation  built-in. 

This  highly  versatile  device  uses  a  microprocessor  to  sample, 
square,  average  and  square  root  the  input  waveform  for  true 
RMS  voltages  crid  currents.  Voltage  and  current  inputs  are 
sampJed  simultaneously,  then  processed  to  provide  readings 
In  kw,  kvar,  kva,  and  Power  hactor.  An  additional  memory 
process  is  utilized  to  provide  phase  angle  (sequence)  and 
voltage  firing  angle  for  SCR  analysis.  This  capooility  makes 
the  device  a  must  for  checkii^distribution  networks,  panels, 
and  individual  loads,  plus  SCR  controller  operations. 

All  AC  parameters  measured  can  be  read  on  the  liquid  crys¬ 
tal  display  and/or  remotely  recorded  through  the  signal  out¬ 
put  jack.  Individual  voltages  or  currents,  and  single  or  total 
measurements  of  polypnase  power  parameters  can  be 
switch-selected.  A  HOLD  switch  position  is  provided  to  lock- 
in  an  instantaneous  reading.  Peak  and  Sag  readings  can  also 
be  recalled. 

Specifications 

Measurements: 

Voltage:  To  600  \AC  (rms) 

Current:  To  1000  AAC  (rms) 

Watts:  600  kw  per  element,  1800  kw 
total  (3  e() 

VARS:  600  kvar  per  element,  1800  kvar 
total  (3  el) 

Volt-Amperes:  600  kva  per  element,  1800  kva 
total  (3  e!) 

Power  Factor:  0.0  lag— 1 .0—0.0  lead,  10  or  3J0, 
in  percent 

Current 

Transformer:  Clamp-on  type  operated  by  integral 
lever.  Accepts  2'^  dia.  wire  or  x  2” 
rectangular  bus. 

Case:  Hi-impact  plastic  case  with  detachable  current 
transformer. 

Overall  Dimensions:  1  %  D  x  372 "  W  x  20"  L  (1 V'  L 
without  current  transformer) 
Weight:  2.5  pound-PMUT 

1.5  pound-Transformer 

Temperature:  Operating:  0°  to  50°C  (32®  to  122®F) 
Storage: -20®  to  75®C  (-4®  to  167®F) 


Individual  elements  have  color-coded  input  terminals,  which 
are  recessed  for  safety.  Unit  is  battery  powered,  and  will 
operate  15  hours  continuously  on  one  set  of  batteries. 

Frequency  range:  45-66  Hz,  400  Hz 
Accuracy: 

Volts:  ±  1  %  Reading  ±  0.3%  FS  ±  1  digit 

Amperes:  ±  1  %  Reading  ±  0.3%  FS  ±  1  digit  ' 
kw/lcvar:/  J 10  ±  2%  Reading  ±  0.4%  FS  ±  2  digits 
leva:  )  i3Qf  ±  3%  Reading  ±  0.4%  FS  ±  2  digits 

Accuracies  given  are  for  currents  above  10A. 

Add  4%  Reading  accuracy  for  400  Hz. 

45-66  Hz  400Hz 

Power  Factor:  10and30  ±0.9-1.0  r/oP.R  4%P.F. 

±0.0- ±0.9  2%P.F.  8%P.F. 

Power  Factor  accuracies  are  for  currents  above  20A. 

Reading  update:  Every  3  seconds  for  10,  every  6  seconds 
for  30. 

Recorder  output:  0-±l  mA  with  ^  to  2k  ohm  load,  acci- 
racy  ±  0.5%.  Output  at  jack  is  same  as 
parameter  being  displayed.  (Excqpt 
phase  sequence  and  firing  angle). 

Voltage  and  current  waveforms  can  be  selected  for 
waveform  analysis  on  recorder  output.  Note:  Accu races 
stated  above  are  for  sinusoidal  waves.  SCR  controllers  vith 
firing  angl^  up  to  120  degrees  will  have  up  to  4  percent 
additional  inaccuracy. 

;  # 

I 

The  Power  Master  HI  AC  Multimeter  package  includes  a 
basic  meter,  one  attachable  current  transformer,  a  set  of 
3-foot-long  color-coded  current  and  potential  leads,one  in¬ 
struction  manual,  and  a  carrying  case.  Specify  Model  No. 
PM  HE.  An  optional  package  is  available  tor  polyphase  cir¬ 
cuit  measurement,  and  consists  of  hvo  additional  current 
transformers,  with  color-coded  current  and  potential  leads. 
Specify  Model  No.  PM  HI-Aux.  The  standard  carrying  case^ 
accommodates  all  hardware  for  polyphase  meamements. 


Esterline  Angus  Instrument  Corporation 
Box  24000,  Indianapoiis,  Indiana  46224 
Tei.  317-244-7611 
Cabie:  Estango  Teiex:  027-419 
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INSTRUMENTS.  INC. 


Certificate  of  Calibration 


MODEL  NO.  PMiii 
INSTRUMENT  Multimeter 
Accuracy:  per  mfgs  specs 


SERIAL  NO.  J282 
MANUFACTURER ^steriine  Angus 


Calibration  traceable  to  the  National  Institute  of  Standards 
and  Technology  in  accordance  with  MIL-STD-45662A  has 
been  accomplished  on  the  above-named  instrument  by  com¬ 
parison  with  standards  maintained  by  E.I.L.  Instruments.  The 
accuracy  and  stability  of  all  standards  maintained  by  E.I.L. 
Instruments  are  traceable  to  national  standards  maintained 
by  the  National  Institute  of  Standards  and  Technology  in 
Washington,  D.C.  and  Boulder,  Colorado.  Calibration  was 
accomplished  at  a  temperature  of  70°F  and  at  a  relative 
humidity  of  51  per  cent. 

Complete  record  of  all  work  performed  is  maintained  by 
E.I.L.  Instruments  and  is  available  for  inspection  upon 
request.  The  instrument  ttma^as  not  out  of  tolerance  when 
initially  received  by  E.I.L.  Instruments,  Inc. 


Calibration  Report  No 
Certified  by: 


233483  Dated  9/6/9  0 
Date  Due  9/6/91 

Uu^..  (/j/  _ 

lurahci 


Quality  Assurance  Manager 

Traceability  Data: 


THOMAS  1  OHM  STANDARD,  NBS  #240160,  SEP  10,  1987 
1000  PICOFARAD  CAPACITOR,  NBS#242521,  AUG  31,  1988 
100  MILLIHENRY  INDUCTOR,  NBS  #241713,  MAY  10,  1988 
GUILDLINE  STANDARD  CELL,  NIST  #243346,  JUN  12,  1989 
AC/DC  TRANSFER  STANDARD,  NBS  #23 9605 >  JAN  10,  1989 
WVAT  TIME  STANDARD,  WWVB  BY  RECEIVER  COMPARISON 
RF  POWER  STANDARD,  NBS  #2453A0676-001 ,  DEC  21,  1988 


Form  401,  Rev.  5/88 
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TEST  GMeES—mm  accuracy  and 

316  SWHLESS  STEEL  WETTED  PARTS 


LOWER  MOUNT 


BACK  AND  FLUSH  MOUNT 


Dial  Size 
inches 

A 

B  ‘ 

c 

D 

G 

5Me 

(129) 

«/ie 

(24) 

3’Me 

(97) 

6 

6' Me 
(170) 

2' Me 
(66) 

6’Me 

(167) 

”/ie 

(24) 

2H 

(54) 

SPECIFICATIONS 

Case:  Solid  Aluminum  with 

Epoxy-coated  Finish 

Lower  Connection:  Green  Finish 

Back  Connection:  Black  Finish 

Window:  Glass 

Movement;  Stainless  Steel 

Bourdon  Tlibe:  316  Stainless  Steel  thru 

3000  PSI;  Monel.5000  and  10,000  PSI  ranges 

Connection:  316  Stainless  Steel 

Fitting:  Vz”  NPT 

Dial  Size:  4V2"  with  White  Background, 
black  graduations  and  mirror  band. 
Mounting:  Stem;  Lower  Connection 
Panel  or  Stem:  Back  Connection 
Accuracy:  0.25%  FS 
Ring:  Lower  Connection  Model-Threaded 
Aluminum  Back  Connection  Model- 
Mounting  Flange  With  Hinged 
Cover  Ring  Secured  By  Knurled  Screw 
Safety  Features:  Solid  Front  With 
Pressure  Relief  Back 


Dial  Size 
Inches 

A 

c 

F 

H 

L 

M 

4y2 

6Me 

(154) 

4<Me 

(122) 

1*/i 

(41) 

V/4 

(48) 

H 

(16) 

4U 

(124) 

6 

7Me 

(192) 

6Me 

(160) 

2V4 

(54) 

iy. 

(48) 

% 

(16) 

6M 

(165) 

Ordering  Example 


1. 


Pressure  Gauge, 
Test  Type - 


PGT-45  □- Range  Code 

J 


2.  Dial  Size  AVa" - 

3.  Connection-Lower  (L)  or  Back  (B) 


4.  Range  Code-see  pg.G-24 


For  Complete  Listing  of  Stocked  Test  Gauges  Refer  to  pg.G-24 

G-23 

E-13 


The  OMEGA  Test  Gauges  are  highly 
accurate  gauges  designed  for  use  in. 
instrument  shops,  plants  of  all  types, 
and  laboratories  throughout 
industry.  Performance,  reliability, 
and  precision  measurement  are 
coupied  with  consistent  accuracy  in 
meeting  the  demanding  service 
needs  of  various  test  gauge 
appiications  such  as  for  use  as  a 
master  reference  gauge,  in  test 
stand  measurements,  for  production 
inspection,  and  for  verifyjng 
accuracy  of  general  service  gauges. 
The  dial  has  a  stainless  steel  mirror 
ring  for  pointer  reflection  to  prevent 
parallax  error.  This  mirror  surface 
reflects  the  pointer  In  any  position 
and  allows  tne  gauge  to  be  read  with 
great  accuracy.  The  lightweight, 
friction  adjustable  balanced  pointer  .^ 
with  knife  edge  tip,  assures  easy  f 
reading  to  the  smallest  subdivision. : 
The  accented  dial  graduations  have 
a  true  width  equivalent  to  0.25 
percent  tolerance  for  quick  and 
accurate  gauge  checking. 

Warning:  All  gauge  components  | 
should  be  selected  considering  | 
media  and  ambient  operating  ,  1 
conditions  to  prevent  misapplication. 
Improper  application  can  be  | 
detrimental  to  the  gauge,  cause 
failure,  and  possible  personal  injury  | 
or  property  damage. 


i 


TEST  mSES  m  "  AMD  6"  UAIS 
YPET 


MADE  IN 


How  To  Order  Type  T  —  Test  Gauges 


Vacuum  Price 

to  1500  to  5000  and 
Dial  Model  Connection  1000  PSI  3000  PSI  10000  PSI 


41/2" 


Lower 


PGT-60B-[*]  Back 


insert  Range  Code  from  table  below. 

Options:  (Add  suffix  to  part  number) 

•X6B  Gauge  cleaned  for  oxygen  service  $62 

Ordering  Example:  PGT-45B-300:  Pressure  Gauge,  Test  Type,  4V2"  Dial,  Back  Connection 
0/300  PSI  Range  Price:  $240. 


Standard  PSI  Ranges  Type  T 


RANGE  CODE 


RANGE 


3000 


5000 


10,000 


Vacuum 


30V 


Compound 


Range 

Code 


0/200 


0/800 


0/1000(1) 


0/1500 

0/2000 


0/3000 


0/5000 


0/10.000 


30/0"  Hg 


FIGURE  INTERVAL  MINOR  GRADUATION 


Range 


Inchs 

Mercury 


PSi 


0.1"  Hg 


Figure  Minor 

Interval  Graduation 

inchs  Hg  PSI  inchs  Hg  PSI 


30"  Hg  Vac/0/1 5  PSI 


30^HgVac/0/30PSI  - 


30"  Hg  Vac/0/60  PSI 
30"  Hg  Vac/0/1 00  PSI 


30"  Hg  Vac/0/1 50  PSI 
30"  Hg  Vac/0/200  PSI 


30"  Hg  Vac/0/300  PSI 


30"  Ho  Vac/0/400  PSI 


See  page  G-23  for  special  metric  ranges. 


30V/60 


30V/100 


30V/150 


OV/200 


f 


STYLE  B 


mm  tit;  swcmi  am  fAsr  mwf. 


STYLE  L 


PRESSURE  GAUGES  CS 


NAME  PLATE  INFORMATION 
FOR 

CHILLER,  CW  &  CNW  PUMPS,  AND  COOLING  TOWER 
(LISTED  BY  CENTRAL  PLANT) 
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BLDG  730  CHILLER  1 


TYPE:  800  TON  CENTRIFUGAL 

COMPRESSOR 

NAMEPLATE:  460V,  1650LRA,  821A,  3PH,  60Hz 

MANUFACTURER:  TRANE  SERIAL  #L83H13856 

MODEL  #CVHE-089F-AD-2WB2705DALC15DB-GC0000000061J00 

REFRG  TYPE:  R-11 

YEAR  INSTALLED:  1983  (SPREADSHEET) 


BLDG  730  CHILLER  3 

TYPE:  320  TON  CENTRIFUGAL 

COMPRESSOR 

NAMEPLATE:  480V,  797LRA,  367A,  3PH,  60Hz 

MANUFACTURER:  TRANE 

MODEL  #CVHA-032G-HF-16JF2AZAF25AZA51100 
SERIAL  #L80A06559 

YEAR  INSTALLED:  1980  (SPREADSHEET) 

COMMENTS:  ONLY  RUNS  IN  SPRING  &  FALL  WHEN  CHILLER  1  (800  TON)  IS 

NOT  NEEDED. 


BLDG  730  CHILLER  4 

TYPE:  320  TON  CENTRIFUGAL 

COMPRESSOR 

NAMEPLATE:  480V,  797LRA,  367A,  3PH,  60Hz 

MANUFACTURER:  TRANE 

MODEL  #  SAME  AS  CHILLER  3 
SERIAL  #L80A06558 

REFRG  TYPE:  R-11 

YEAR  INSTALLED:  1980  (SPREADSHEET) 


COMMENTS: 


DOES  NOT  RUN  BECAUSE  OF  A  LEAK. 


BLDG  730  CW  PUMP  1 


SERVES  CHILLERS  1  &  3  FOR  BLDG  730  ONLY 
MOTOR 

NAMEPLATE:  220/440V,  62  /31AMP,  3PH,  60Hz,  25  HP,  1750RPM 

FRAME  GROUTED?  NO 


BLDG  730  CW  PUMPS  1  &  2 

SERVES  CHILLERS  1  &  3  FOR  OTHER  700  AREA  BLDGS. 

MOTOR 

NAMEPLATE;  460V,  179AMP,  3PH,  60Hz,  150HP,  1780RPM 
FRAME  GROUTED?  NO 

PUMP  TYPE:  PACO  CAT  #29-60196-050101  S  #LWMF99120A 

GPM:  1000  TDH-FT:  290 
IMP-DIA:  16.51" 

PRESSURE  TAPS  ON;  SUPPLY,  RETURN 
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BLDG  730  CNW  PUMPS  1  &  2 


SERVES  CHILLER  1  &  3 
MOTOR 

NAMEPLATE:  22Q/440V,  118/59AMP,  3PH,  60Hz,  50HP,  1760RPM 

FRAME  GROUTED?  YES 

PUMP  TYPE:  AURORA  NO:  138230;  TYPE:  OJ;  GPM:  200;  TDH-FT:  75 

RPM:  1750 
DIM:  855X8 

PRESSURE  TAPS  ON:  SUPPLY,  RETURN 


BLDG  730  CNW  PUMP  3 
SERVES  CHILLERS  1  &  3 
MOTOR 

NAMEPLATE:  200V,  90AMP,  3PH,  60Hz,  30HP  1760RPM 

FRAME  GROUTED?  YES 

PUMP  TYPE:  PACIFIC  CAT  #29-60122-040001-102 

GPM:  1300  TDH-FT:  75 
SERIAL:  JLR28808 

PRESSURE  TAPS  ON:  SUPPLY,  RETURN 


BLDG  730  COOLING  TOWER  FOR  CHILLERS  1  &  3 

MANUFACTURER:  MARLEY  DOUBLE  FLOW  MODEL  #N/A 
SERIAL  #(452)  41008  75 

NO.  OF  FANS:  2  230/460V,  71.4/35AMP,  3PH,  60Hz,  30HP 

YEAR  INSTALLED:  1980  (SPREADSHEET) 

COMMENTS:  COOLING  TOWER  WATER  LEVEL  TOO  LOW  OR  SEPARATING 

BOARD  TOO  HIGH. 
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BLDG  914  CHILLER  1 


TYPE: 


400  TON  CENTRIFUGAL 


COMPRESSOR 

NAMEPLATE:  460V,  711LRA,  339A,  3PH,  60Hz 

MANUFACTURER:  TRANE  MODEL  #CVHE-045F-CT-2LC235ECEIAIIDEEC- 
00000AIA25ZIAOCPL4533-9045-01 
SERIAL  #L89J03103 

REFRG  TYPE:  R-11 


YEAR  INSTALLED:  1989  (SPREADSHEET) 


BLDG  914  CW  PUMP  1 
SERVES  CHILLER  1 
MOTOR 

NAMEPLATE:  230/460 V,  95.4/48AMP,  3PH,  60Hz,  40HP,  1775RPM 

MOTOR  TYPE:  US  ELECTRIC  TYPE:  CT  FRAME:  324TTE 

ID  #F208/807S115R031R-10 

FRAME  GROUTED?  YES 

PUMP  TYPE:  N/A 

PRESSURE  TAPS  ON:  SUPPLY,  RETURN 

COMMENTS:  BOTH  PUMPS  HAVE  DP  SWITCH. 
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BLDG  914  CNW  PUMP  1 


SERVES  CHILLER  1 
MOTOR 

NAMEPLATE:  230/460V,  39/19AMP,  3PH,  60Hz,  15HP,  1765RPM 

MOTOR  TYPE:  US  ELECTRIC  ID  #933/5085188R014F 

FRAME  GROUTED?  YES 

PUMP  TYPE:  AMW  GPM:  950  TDH-FT:  31 

MODEL  #6L3  SERIAL  #129196 

PRESSURE  TAPS  ON:  SUPPLY,  RETURN 


BLDG  914  COOLING  TOWER  FOR  CHILLER  1 

MANUFACTURER:  MARLEY  MODEL  #221-122  SERIES  220 
SERIAL  #3-1385-89 

NO.  OF  FANS:  2  460V,  15/5AMP,  3PH,  60Hz  10/2.5HP 

(2  SPEED) 

YEAR  INSTALLED:  1989  (SPREADSHEET) 


BLDG  2812  CHILLER  1 


TYPE:  372  TON  CENTRIFUGAL 

COMPRESSOR 

NAMEPLATE:  480V,  N/A  LRA,  400A,  3PH,  60Hz 

MANUFACTURER:  CARRIER  MODEL  #19DG6667CP 
SERIAL  #754324336 

REFRG  TYPE:  R-11 

YEAR  INSTALLED:  N/A  (SPREADSHEET) 

BLDG  2812  CW  PUMP  1 
SERVES  CHILLER  1 
MOTOR 

NAMEPLATE:  230/460V,  54/27AMP,  3PH,  60Hz,  20HP,  1750RPM 

MOTOR  TYPE:  UNICLOSED  MOTOR  FRAME:  256T 

FRAME  GROUTED?  NO 

PUMP  TYPE:  PACO  NO:  4011-1  TYPE:  KPG  HORIZONTAL 

GPM:  416  TDH-FT:  95  RPM:  1750 
HP:  20  SPLIT  CASE  DOUBLE  SUCTION 

COMMENTS:  NO  NAMEPLATE;  ALL  INFORMATION  FROM  MANUAL 
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BLDG  2812  CNW  PUMP  1 


SERVES  CHILLER  1 
MOTOR 

NAMEPLATE:  230/460V,  63/31.5AMP,  3PH,  60Hz,  25HP,  1760RPM 

MOTOR  TYPE:  UNICLOSED  FRAME:  284T  TYPE:  R 

FRAME  GROUTED:  NO 

PUMP  TYPE:  PACO  NO:4011-7  TYPE:  KPG  HORIZONTAL 

SPLIT  CASE  GPM:  1092  TDH-FT:  55 


BLDG  2812  COOLING  TOWER  FOR  CHILLER  1 

MANUFACTURER:  MARLEY  MODEL  #8609  (SPREADSHEET) 

SERIAL  #4-884-75 

NO.  OF  FANS:  1 

YEAR  INSTALLED:  N/A  (SPREADSHEET) 
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BLDG  3442  CHILLER  1 


TYPE: 

600  TON  CENTRIFUGAL 

COMPRESSOR 

NAMEPLATE: 

460V,  3PH,  60Hz 

MANUFACTURER: 

TRANE 

MODEL  #CVHE-063F-AQ-2PC2453CE1C1  IDEECOO- 
0000004SZ1A0CPL4533-6519-01 

SERIAL  #L88K04614 

REFRG  TYPE: 

R-11 

YEAR  INSTALLED: 

1988 

BLDG  3442  CHILLER  2 

TYPE: 

600  TON  CENTRIFUGAL 

COMPRESSOR 

NAMEPLATE: 

460V,  3PH,  60Hz 

MANUFACTURER: 

TRANE  MODEL#CVHE-063F-AQ-2PC2453CEZCllDEGC00 

0000004SZ1A0CPL4533-6518-01 

SERIAL  #L88K04613 

REFRG  TYPE: 

R-11 

YEAR  INSTALLED: 

1988 

E-23 


BLDG  3442  CW  PUMPS  1  &  2 


SERVES  CHILLERS  1  &  2 
MOTOR 

NAMEPLATE:  230/460V,  146/73AMP,  3PH,  60Hz,  60HP,  1774RPM 

MOTOR  TYPE:  US  ELECTRIC  TYPE:  RODP  FRAME:  364TS 

FRAME  GROUTED?  YES 
PUMP  TYPE:  N/A 


BLDG  3442  CNW  PUMP  1 
SERVES  CHILLERS  1  &  2 
MOTOR 

NAMEPLATE:  230/460V,  104/52AMP,  3PH,  60Hz,  40HP,  1755RPM 

MOTOR  TYPE:  GENERAL  ELECTRIC  MODEL  #5K6237XM501G 

SERIAL  #KXJ1003265 

FRAME  GROUTED?  YES 

PUMP  TYPE:  VERTI  LINE  #V85-70737  TYPE:  12FHH 

GPM;  1975  TDH-FT:  50  RPM  1760 

COMMENTS:  NO  PRESSURE  TAPS  ON  SUPPLY  OR  RETURN 
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BLDG  3442  CNW  PUMP  2 


SERVES  CHILLERS  1  &  2 
MOTOR 

NAMEPLATE:  230/460V,  100/50AMP,  3PH,  60Hz,  40HP,  1760RPM 

MOTOR  TYPE:  GENERAL  ELECTRIC 

MODEL  #5K6247XH4A 

FRAME  GROUTED?  YES 

PUMP  TYPE:  VERTI  LINE  GPM:  1975  TDH-FT:  50  RPM:  1760 

COMMENTS:  NO  PRESSURE  TAPS  ON  SUPPLY  OR  RETURN 


BLDG  3442  TWO  COOLING  TOWERS  FOR  CHILLERS  1  &  2 

MANUFACTURER:  MARLEY  MODEL  #MRP4 

SERIAL  #8609-4-2166-74B 


NO.  OF  FANS:  4  15HP 

YEAR  INSTALLED:  N/A 

COMMENTS:  WATER  LEVEL  IS  LOW  IN  LOWER  BASINS 

DIRECT  DRIVE  FANS 

WATER  LEVELS  IN  UPPER  BASINS  NOT  EQUAL 


BLDG  4701  CHILLERS  1  &  2 


TYPE:  305  TON  CENTRIFUGAL 

COMPRESSOR 

NAMEPLATE:  460V,  378A,  3PH,  60Hz 

MANUFACTURER:  CARRIER  MODEL  #19DG6158CN 
SERIAL  #730719401  and  #731019729 

YEAR  INSTALLED:  1962 


BLDG  4701  CW  PUMP  1  (NORTH) 

SERVES  CHILLERS  1  &  2 
MOTOR 

NAMEPLATE:  440V,  60.7AMP,  3PH,  60Hz,  50HP,  1775RPM 

MOTOR  TYPE:  MARATHON  MODEL  #IC365UTSC36AC 

FRAME:  365U 

FRAME  GROUTED?  YES 

PUMP  TYPE:  PACO  GPM:  1320  TDH-FT:  100 

MODEL  #5BB-KPGM  SERIAL  #1AA19029A 
IMP.  DIA:  12" 


COMMENTS:  SOUTH  PUMP  DISCONNECTED  (NEW  MOTOR) 
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BLDG  4701  CNW  PUMPS  1  &  2 


SERVES  CHILLERS  1  &  2 
MOTOR 

NAMEPLATE:  220/440V,  76/38A,  3PH,  60Hz,  30HP,  1770  RPM 

MOTOR  TYPE:  MARATHON 

MODEL  #ID326UTDR26CCW 
TYPE:  TDR-BE  FRAME:  326U 

FRAME  GROUTED?  YES 

PUMP  TYPE:  PACO  GPM:  1650  TDH-FT:  52 

MODEL  #8AW-KPGM  SERIAL  #1AA19028-A 


COMMENTS:  CNW  PUMP  2  IS  "OFF" 


BLDG  4701  TWO  COOLING  TOWERS  FOR  CHILLERS  1  &  2 

MANUFACTURER:  GOODFELLOW  MODEL  #PVMA 
SERIAL  #305-J399-l-79  &  305-J399-79 

NO.  OF  FANS:  1  EACH  440V,  24.6A,  3PH,  60Hz,  20  HP 

YEAR  INSTALLED:  N/A 

COMMENTS:  SOUTH  TOWER  FAN  NOT  RUNNING  -  COULD  BE  CYCLING. 

WATER  IS  GOING  OVER  TOWER 
THERE  IS  WATER  IN  SUMP  BASINS 
COOLING  TOWERS  FREEZE  UP  IN  WINTER 
NO  BYPASS  LOOP  ON  CONDENSER  WATER 


BLDG  4701  COOLING  TOWER  FOR  CHILLERS  1  &  2 

MANUFACTURER:  MARLEY  DOUBLEFLOW  MODEL  #351-4-772-73 

SERIAL  #4-772-73 

NO.  OF  FANS:  2  440V,  19.2AMP,  3PH,  60Hz,  15HP 

YEAR  INSTALLED:  N/A 

COMMENTS:  SHAFT  DRIVE  &  GEAR  BOX 

-  STEAM  TRACER  LINE  TO  COOLING  TOWER  DOES  NOT  WORK 

-  INSULATION  ON  CNW  PIPES  IN  POOR  CONDITION 


BLDG  5676  CHILLER  1 


TYPE:  170  TON  CENTRIFUGAL 

COMPRESSOR 

NAMEPLATE:  460V,  211FLA,  3PH,  60HZ 


MANUFACTURER:  CARRIER  MODEL  #19DG5132CB 

SERIAL  #73  42  20665 

COMPRESSOR  MODEL  #19DH2132CB 
SERIAL  #28179 


REFRG  TYPE:  R-11 


YEAR  INSTALLED  1967 


COMMENTS:  NO  BRUSHES  OR  BRUSH  VALVES  ON  CONDENSER 


BLDG  5676  CW  PUMP  1  (TOP) 

SERVES  CHILLER  1 

MOTOR  NAMEPLATE:  230/460,  27/13.5A,  3PH,  60Hz,  lOHP,  1730RPM 

MOTOR  TYPE:  US  ELECTRIC  ID  #F-9242B-07-210 

FRAME  GROUTED?  NO 

PUMP  TYPE:  PACO  CAT  #l-25121-733201A01-2 

GPM:  270  TDH-FT:  90 

COMMENTS:  PRESSURE  TAPS  ON  SUPPLY  AND  RETURN 

PUMPS  MOUNTED  ON  RACKS 

BOTH  CW  PUMPS  LOOK  THE  SAME  AND  RUN 
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BLDG  5676  CNW  PUMP  1 
SERVES  CHILLER  1 

MOTOR  NAMEPLATE:  23(y460V,  22/1  lA,  3PH,  60Hz,  7.5HP,  1165RPM 

MOTOR  TYPE:  GENERAL  ELECTRIC  MODEL  #5K  254AL  305 

FRAME  GROUTED?  YES 

PUMP  TYPE:  ALLIS  CHALMERS  SIZE  &  TYPE:  2000  MODEL:  150 

SERIAL  #801-33958-1-1  GPM:  525 
TDH-FT:  30  DIM:  6X6X9  IMP.DIA:  8.9 

COMMENTS:  MOTOR  LOOKS  NEW 

BLDG  5676  COOLING  TOWER  FOR  CHILLER  1 

MANUFACTURER:  MARLEY  MODEL:  SUPER  AQUATOWER 

SERIAL  471754-961-79B 

NO.  OF  FANS:  1  460V,  10.5A,  3PH,  60Hz,  7.5HP 

FAN  MOTOR:  DAYTON  MODEL:  3N660A  BELT  SIZE:  ZGB8162 

RPM:  1740  NEMA  EFF:  87.5%  PF:  79% 

YEAR  INSTALLED:  1986 

COMMENTS:  BELT  DRIVE 

EXTERNAL  MOTOR 
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BLDG  5678  CHILLER  1 


TYPE:  190  TON  CENTRIFUGAL 

COMPRESSOR 

NAMEPLATE:  460V,  195A,  3PH,  60Hz 

MANUFACTURER:  TRANE 

MODEL  #CVHE-020F-AC-2EB2502CAZA12CA1A000- 
0000051A1A 
SERIAL  #L82J06486 


REFRG  TYPE:  R-11 


YEAR  INSTALLED:  1985 

COMMENTS:  CHILLER  SURGES  BADLY  WHEN  APPROACHING  PEAK  CURRENT 

WHILE  LOADING 


BLDG  5678  CW  PUMP  1 
SERVES  CHILLER  1 
MOTOR 

NAMEPLATE:  230/460V,  50/25AMP,  3PH,  60Hz,  20  HP,  1755RMP 

MOTOR  TYPE:  STERLING  M  #B0204FFF283 

PUMP  TYPE:  PACO  GPM:  546  TDH-FT:  82 

MODEL  #1BLH74  SERIAL  #FID3402 

PRESSURE  TAPS  ON:  SUPPLY,  RETURN 

COMMENTS:  CW  PUMP  IS  LEAKING  VERY  BADLY  AROUND  SEALS. 
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BLDG  5678  CNW  PUMP  1 


SERVES  CHILLER  1 
MOTOR 

NAMEPLATE;  23{y460V,  22/llAMP,  3PH,  60Hz,  7.5HP,  1165RPM 

PRESSURE  TAPS  ON:  SUPPLY,  RETURN 

COMMENTS:  NO  NAMEPLATE  INFO  WAS  TAKEN 


BLDG  5678  COOLING  TOWER  FOR  CHILLER  1 

MANUFACTURER:  MARLEY  MODEL:  SUPER  AQUATOWER 

SERIAL  #47175  4-961-79A 


NO.  OF  FANS: 
YEAR  INSTALLED: 
COMMENTS: 


1 

1980 

TOWER  WATER  TREATMENT  SYSTEM  APPARENTLY  NOT  WORKING 


BLDG  5900  CHILLER  1 


TYPE: 

NAMEPLATE: 
MANUFACTURER: 
REFRG  TYPE: 
YEAR  INSTALLED: 
COMMENTS: 


400  TON  CENTRIFUGAL 

460V,  2347LRA,  476A,  3PH,  60Hz 

CARRIER,  MODEL  #19DG6968CQ 
SERIAL  #77  18  26211 

R-11 

1980  (SPREADSHEET) 

BOTH  CWS  &  CWR  NEED  INSULATION  AT  POINTS  OF  ENTRY  INTO 
CHILLER 


BLDG  5900  CHILLER  2 

TYPE:  400  TON  CENTRIFUGAL 

COMPRESSOR:  460V,  783LRA,  438A,  3PH,  60Hz,  N/A  HP 

NAMEPLATE 

MANUFACTURER:  WESTINGHOUSE  MODEL  #TC  418  B 

SERIAL  #DY95 

REFRG  TYPE:  R-12 

YEAR  INSTALLED:  1982  (SPREADSHEET) 


COMMENTS: 


COOLING  TOWER  UNDERSIZED 

COOLING  TOWER  LOOKS  TO  BE  OPERATING  FINE 

GETTING  TO  HIGH  CNW  TEMPERATURES 


BLDG  5900  CHILLER  3 


TYPE: 

COMPRESSOR 

NAMEPLATE: 

MANUFACTURER: 

YEAR  INSTALLED: 
COMMENTS: 


400  TON  CENTRIFUGAL 

480V,  692LRA,  346A,  3PH,  60Hz 

CARRIER  MODEL  #19DK7687CN 
SERIAL  #85  05  365  14 

1988  (SPREADSHEET) 

CHILLED  WATER  PUMP  DISCHARGE  VALVE  RATTLES. 
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BLDG  5900  CHILLER  4 

TYPE:  450  TON  CENTRIFUGAL 

COMPRESSOR 

NAMEPLATE:  480V,  816LRA,  501A,  3PH  60Hz 

MANUFACTURER:  McQUAY  MODEL  #PE  HO  76 

SERIAL  #5  RFO  300  700 

REFRG  TYPE:  R-500 

YEAR  INSTALLED:  1989  (SPREADSHEET) 

COMMENTS:  CHILLER  METERS  NOT  FUNCTIONING  PROPERLY 

UNIT  NOT  RUNNING  AT  TIME  OF  SURVEY 

BLDG  5900  CHILLER  5 

TYPE:  400  TON  CENTRIFUGAL 

COMPRESSOR 

NAMEPLATE:  460V,  1044LRA,  399A,  3PH  60Hz, 

MANUFACTURER:  CARRIER  MODEL  #19DK78404CQ  SERIAL  #87  15  39461 
YEAR  INSTALLED:  1988  (SPREADSHEET) 

COMMENTS:  HAS  EMCS  INPUT  TERMINALS  READY 
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BLDG  5900  CW  PUMP  1 


SERVES  CHILLER  1 

MOTOR  NAMEPLATE:  230/460V,  125/62.5AMP,  3PH,  60Hz,  50HP,  1770RPM 

MOTOR  TYPE:  LINCOLN  FRAME:  326T 

FRAME  GROUTED?  NO 

PUMP  TYPE:  PEERLESS  SIZE:  3AD  15  1/2  TYPE:5300 

RPM:  1750  GPM:  700  TDH-FT:  190 
SERIAL  #384899 

BLDG  5900  CW  PUMP  2 

SERVES  CHILLER  2 
MOTOR 

NAMEPLATE:  230/460V,  138/69AMP,  3PH,  60Hz,  60  HP,  3535RPM 

MOTOR  TYPE:  MARATHON  MODEL  #326TSTDR  700ICE  W 

FRAME  GROUTED?  YES 

PUMP  TYPE:  AURORA  #60-00072-1  TYPE:  411  BF 

GPM:  700  TDH-FT:  190  RPM:3500 
SIZE  3X4X10B 

COMMENTS:  PRESSURE  &  TEMP.  TAPS  ON  SUPPLY  &  RETURN 

BLDG  5900  CW  PUMP  3 
SERVES  CHILLER  3 
MOTOR 

NAMEPLATE:  230/460V,  151/75AMP,  3PH,  60Hz,  60HP,  1780RPM 

FRAME  GROUTED?  NO 

MOTOR  TYPE:  US  ELECTRIC  ID  #R-9420-03-971 

PUMP  TYPE:  BELL  &  GOSSETT  ID  #A58 

GMP:  700  TDH-FT:  190  RPM:  1750  HP:60 
MODEL  #VSCS-Sl3-l/2  BFLHR 
SERIAL  #1261  301  DIM:4X5X14  3/4 


BLDG  5900  CW  PUMP  4 
SERVES  CHILLER  4 
MOTOR 

NAMEPLATE  230/460V,  186/93AMP,  3PH,  60Hz,  75HP,  1775RPM 

MOTOR  TYPE:  MARATHON  ELECTRIC  M  #SJ  365TSTDS  7026JPW 

FRAME  GROUTED?  NO 

PUMP  INACCESSIBLE  BECAUSE  OF  INSULATION 

BLDG  5900  CW  PUMP  5 
SERVES  CHILLER  5 
MOTOR 

NAMEPLATE:  230/460V,  154/77AMP,  3PH,  60Hz,  60HP,  1775  RPM 

MOTOR  TYPE:  MARATHON  M  #364TSTDS7026JP  W 

TYPE:  TDS 

FRAME  GROUTED?  NO 

PUMP  TYPE:  BELL  &  GOSSETT  GPM:  700  TDH-FT:  293  RPM:  1750 

HP:  60  MODEL  #VSCS  13  5/8-BF  RHR 

DIM:  4X5X14  3/4  SERIAL  #1358472 


BLDG  5900  CNW  PUMP  1 


SERVES  CHILLER  1 


MOTOR 

NAMEPLATE: 


MOTOR  TYPE: 


FRAME  GROUTED? 


230/460V,  64/32AMP,  3PH,  60Hz,  25HP,  1750RPM 
CENTURY  PART  TYPE:  6-320819-01,  TYPE:  SC 

NO 


PUMP  TYPE:  PEERLESS  SIZE:  6AD-10  TYPE:  5300 

GPM:  1200  TDH-FT:  61  RPM:  1750 
SERIAL  386072 


BLDG  5900  CNW  PUMP  2 

SERVES  CHILLER  2 
MOTOR 

NAMEPLATE:  23(y460V,  79.6/39.8AMP,  3PH,  60Hz,  30HP,  1755RPM 

MOTOR  TYPE:  US  ELECTRIC  MODEL  #R-631 7-04-667  N 

FRAME  GROUTED?  YES 

PUMP  TYPE:  AURORA  NO.  #30-00071-1 

GMP:  1200  TDH-FT:  75  RPM:1750  DIM:  5X6X11 

COMMENTS:  PRESSURE  &  TEMP.  TAPS  ON  SUPPLY  &  RETURN 


BLDG  5900  CNW  PUMP  3 

SERVES  CHILER  3 
MOTOR 

NAMEPLATE:  23(y460V,  76.2/38AMP,3PH,  60Hz,  30HP,  1760RPM 

MOTOR  TYPE:  US  ELECTRIC  ID  #F-6317-07-073 

FRAME  GROUTED?  NO 

BELL  &  GOSSETT  ID  #A58  GPM:  1200 
TDH-FT:  75  RPM:  1750  HP:  30 

MODEL  #VSCS-59  3/8-BF  RHR  SERIAL  #257911 
DIM:  6X8X9  3/4H 


PUMP  TYPE: 


E-36 


BLDG  5900  CNW  PUMP  4 


SERVES  CHILLER  4 

MOTOR 

NAMEPLATE; 

MOTOR  TYPE; 

FRAME  GROUTED? 

PUMP  TYPE; 


230/460V,  104/52AMP,  3PH,  60Hz,  1765RPM 
MARATHON  MODEL  #TA  324TT  DR  7026HNW 

NO 

BELL  &  GOSSETT  M  #VSCS  9  5/8  BFR  HR 
GPM;  1350  TDH-FT;  75  RPM;  1750 

HP;  40  DIM;  6X8X93/4-H 


BLDG  5900  CNW  PUMP  5 
SERVES  CHILLER  5 
MOTOR 

NAMEPLATE;  230/460V,  76.2/38AMP,  3PH,  60Hz,  30HP,  1760RPM 
MOTOR  TYPE;  US  ELECTRIC  ID  #6317/NI0N227R051F 
FRAME  GROUTED?  NO 

PUMP  TYPE;  BELL  &  GOSSETT  ID  #E78  GPM;  1200  TDH-FT;75 

RPM;  1750  HP;  30 

MODEL  #VSCS  9  3/8-BF  RHR  SERIAL  #1391148 


E-37 


BLDG  5900  COOLING  TOWER  FOR  CHILLER  1 

MANUFACTURER:  GOODFELLOW  MODEL  #PBM  400 

SERIAL  #760  416 

NO.  OF  FANS:  1 

YEAR  INSTALLED:  1980  (SPREADSHEET) 

COMMENTS:  COOLING  TOWER  HAS  NO  VISIBLE  NAMEPLATE,  SO  ALL 

INFORMATION  WAS  TAKEN  FROM  CENTRAL  PLANT 
SPREADSHEET. 

HAS  SHALLOW  BASIN  SUMP. 

COULD  BE  UNDERSIZED. 


BLDG  5900  COOLING  TOWER  FOR  CHILLER  2 

MANUFACTURER:  GOODFELLOW  MODEL  #SDF-4250  . 

SERIAL  #J-314-80 

NO.  OF  FANS:  1 

YEAR  INSTALLED:  1982  (SPREADSHEET) 

COMMENTS:  FAN  IS  2  SPEED  SWITCH  BROKEN,  RUNNING  IN  "HIGH") 

TOWER  UNDERSIZED 
3  WAY  VALVE  ON  TOWER 

2  THERMOSTATS  (2  SPEED  FAN,  AND  3  WAY  VALVE) 

BELT  DRIVE  TOWER 

HAS  SHALLOW  BASIN  SUMP 


BLDG  5900  COOLING  TOWER  FOR  CHILLER  3 

MANUFACTURER:  BALTIMORE  AIRCOIL  CO. 

MODEL  #24220 

SERIAL  #84-5818D  (SPREADSHEET) 
NO.  OF  FANS:  1 

YEAR  INSTALLED:  1988  (SPREADSHEET) 

COMMENTS:  BELT  DRIVE  TOWER 

2  SPEED  FAN  MOTOR 

3  WAY  VALVE  ON  TOWER 
HAS  SHALLOW  BASIN  SUMP 
TOWER  COULD  BE  UNDERSIZED 


BLDG  5900  COOLING  TOWER  FOR  CHILLER  4 


MANUFACTURER: 

NO.  OF  FANS: 
YEAR  INSTALLED: 

COMMENTS: 


MARLEY  MODEL  #222-521 
SERIAL  #3-894-87 

1  460V,  30/14A,  3PH,  60Hz,  25/6.2HP 

1989  (SPREADSHEET) 


2  SPEED  FAN 

UNIT  NOT  RUNNING  PRESENTLY 

3  WAY  VALVE  ON  TOWER 

2  THERMOSTATS  (2  SPEED  FAN  &  VALVE) 


BLDG  5900  COOLING  TOWER  FOR  CHILLER  5 


MANUFACTURER: 

NO.  OF  FANS: 
YEAR  INSTALLED: 

COMMENTS: 


MARLEY  MODEL  #222-511 
SERIAL  #3-484-88 

1  460V,  24/8AMPS,  3PH,  60Hz,  20/5HP 

1988  (SPREADSHEET) 


2  SPEED  FAN 

3  WAY  VALVE  ON  TOWER 

2  THERMOSTATS  (2  SPEED  FAN  &  VALVE) 


E-40 


BLDG  6003  CHILLER  1 


TYPE: 


400  TON  CENTRIFUGAL 


COMPRESSOR 

NAMEPLATE: 

MANUFACTURER: 

REFRG  TYPE: 
YEAR  INSTALLED: 
COMMENTS: 


460V,  876LRA,  555A,  3PH,  60Hz 

TRANE  CENTRAVAC  SERIAL  #L81B21810 
MODEL  #CV11A-044F-HH-09LH1AYAH1SA1A51600 

R-11 

1984  (SPREADSHEET) 

SURGED  TOO  DRASTICALLY  TO  CHECK 


BLDG  6003  CHILLER  2 

TYPE:  450  TON  CENTRIFUGAL 


COMPRESSOR 

NAMEPLATE:  480V,  N/A  LRA,  400A,  3PH,  60Hz 

MANUFACTURER:  TRANE  CENTRAVAC  SERIAL  #L86D37156 

MODEL  #CVHE-0456-AH-2KB237lCE3C13DEFC000-00000-21J00 

REFRG  TYPE:  R-11 


YEAR  INSTALLED:  1986  (SPREADSHEET) 


BLDG  6003  CHILLER  3 

TYPE:  450  TON  CENTRIFUGAL 


COMPRESSOR 

NAMEPLATE: 

MANUFACTURER: 

REFRG  TYPE: 
YEAR  INSTALLED: 
COMMENTS: 


480V,  N/A  LRA,  400A,  3PH,  60Hz 

TRANE  CENTRAVAC  SERIAL  #L86D37155 

MODEL  #CVHE-045G-AH-ZKB2378CE3C13EFC-O000000021j00 

R-11 

1986  (SPREADSHEET) 

CONTROLS  HUNT 


E-41 


BLDG  6003  CW  PUMP  1 


SERVES  CHILLER  #1 
MOTOR 

NAMEPLATE:  230/460V,  125/62.5AMP,  3PH,  60Hz,  50HP,  1770RPM 

MOTOR  TYPE:  LINCOLN  AC  CODE:  TV-3596  FRAME:  326  T 

S  #2383663 

FRAME  GROUTED?  N/A 
PUMP  TYPE:  N/A 

BLDG  6003  CW  PUMP  2 

SERVES  CHILLER  2 
MOTOR 

NAMEPLATE:  230/460V,  125/62.5AMP,  3PH,  60Hz,  50HP,  1770RPM 

MOTOR  TYPE:  LINCOLN  S  #2383664  FRAME:  326T 

FRAME  GROUTED?  N/A 

BLDG  6003  CW  PUMP  3 
SERVES  CHILLER  3 
MOTOR 

NAMEPLATE:  230/460V,  125/62.5AMP,  3PH,  60Hz,  50HP,  1770RPM 

MOTOR  TYPE:  LINCOLN  CODE  #TV  3596  FRAME:  286T 

SERIAL  #3021542 

FRAME  GROUTED?  N/A 


E-42 


BLDG  6003  CNW  PUMP  1 
SERVES  CHILLER  1 
MOTOR 

NAMEPLATE:  230/460V,  70/37AMP,  3PH,  60Hz,  30HP,  1765RPM 

MOTOR  TYPE:  MARATHON  ELECTRIC  MODEL  #BE286TTDR7026CDW 

FRAME:  286T 
TYPE:  TDR-BE 

FRAME  GROUTED?  N/A 
PUMP  TYPE:  N/A 

BLDG  6003  CNW  PUMP  2 

SERVES  CHILLER  2 

MOTOR  NAMEPLATE:  230/460V,  74/37AMP,  3PH,  60Hz,  30HP,  1770RPM 

MOTOR  TYPE:  LINCOLN  CODE:  TV  3753  FRAME:  286T 

FRAME  GROUTED?  N/A 

BLDG  6003  CNW  PUMP  3 

SERVES  CHILLER  3 

MOTOR  NAMEPLATE:  230/460V,  70/37AMP,  3PH,  60Hz,  30HP,  1765RPM 

MOTOR  TYPE:  MARATHON  M  #BE286TTDR7026CDW 

FRAME:  2865  TYPE:  TDR-BE 

FRAME  GROUTED?  N/A 

PUMP  TYPE:  N/A 

PRESSURE  TAPS  ON:  N/A 


BLDG  6003  COOLING  TOWER  FOR  CHILLER  2  &  3 

MANUFACTURER:  MARLEY  MODEL  #8811 

SERIAL  #88114-313-81 

NO.  OF  FANS:  N/A 

YEAR  INSTALLED:  1984  (SPREADSHEET) 

COMMENTS:  HAS  BYPASS  VALVE  &  TEMP.  CONTROL 

BLDG  6003  COOLING  TOWER  FOR  CHILLER  1 

MANUFACTURER:  MARLEY  SERIAL  #8619-4-627-73 

NO.  OF  FANS:  N/A 

YEAR  INSTALLED:  1984  (SPREADSHEET) 


CHILLER  FIELD  SURVEY  NOTES 


E-45 


JOB 


3^  a,  f=77  S/LL 


EMC  ENGINEERS.  INC, 

Denver  •  Colorado  Springs  •  Atlanta  •  West  Germany 

I 


CHILLER  SURVEY  FORM 

MODEL; _ _ 

SERIAL  NO.  ^.'33  /3  ? 5-6, 


CHILLER  NO.:  _ / _ 

MANUFACTURER:  viiAHE. 


SHEET  NO 

CALCULATED  RY  VV 

OF 

DATE  ^  j /  O 

CHECKED  BY 

DATE 

S^IZ^G  -7  3^? 

CHILLER  TEST 


kW 

AMPS 
PHASE  A 

AMPS 
PHASE  B 

VOLTAGE 
PHASE  A 

VOLTAGE 

PH  ASE  B 

DESIGN  RATING 

^okvj  Kin)Ttu 

^^1 

^2/ 

^00 

TEST  READINGS  _ _ _ _ _ 

1 

-7vy 

30-2- 

2 

-i^6> 

ro  Z 

-  -4- 

_ 1 _ 

3 

TO/ 

_ f 

_ J— 

4 

St>/ 

-1^‘f 

/ 

_ L 

5 

'g'4-y 

_/ _ 

_ 1 _ 

6 

3 

^07 

_/ _ 

_ 1- _ 

7 

5-6>  S' 

70  3 

rz: 

__i _ 

8 

'B07 

/  I— 

9 

?oz 

/  - 

/ 

10 

w 

V 

TEST  READINGS 

kVA 

kVAR 

P. FACTOR  (%j 

^(,3  7 

Z'?-? 

- y - 

i_- - 

(Mibbte) 


CHILLED  WATER  PUMP 

CONDENSER  WATER  PUMRi^Z 

COOLING  TOWER 

RATED 

TESTED 

RATED 

TESTED 

RATED 

TESTED 

VOLTAGE  PHASE  A 

^6o 

2.Z.O 

i99 

2  20 

197 

VOLTAGE  -  PHASE  E 

V77 

770 

Z30 

ZOO 

AMPS  -  PHASE  A 

/7? 

HT 

/  /? 

iO(pt  (p — 

7/.  y 

7o.r 

AMPS  -  PHASE  B 

/7f 

//? 

/OB  \ 

_ _ 

m 

kW 

\ 

9! 

V 

37.  2 

_ 23 

kVAR 

- 1 

30 

\ 

s:s 

_ \  - 

9 

kVA 

- \ 

IZ0.9 

37  4 

_ \ _ 

ZS’ 

POWER  FACTOR  (%) 

- ^ - 

91  _ 

OUTDOOR  AIR  TEMP.  (DEG  F) 

Outdoor  humidity  (%rh) 

. 

TIME  OF  TESTING 

JOB 


3^^  2.  FTT  S/L^. 


EMC  ENGINEERS,  INC. 

Denver  •  Colorado  Springs  •  Atlanta  •  West  Germany 


SHEET  NO.  _ 

CALCULATED  BY 


CHECKED  BY  _ 


DATE 


CHILLER  SURVEY  FORM 

CHILLER  NO.;  _ [ _ _  MODEL;  _ _ _ 

MANUFACTURER;  TCAI^£ _  SERIAL  NO.  Z.  ^3// /J 


CHILLER  TEST 


kW 

AMPS 
PHAGE  A 

AMPS 
PHASE  B 

VOLTAGE 
PHASE  A 

VOLTAGE 
PHASE  B 

DESIGN  RATING 

TEST  READINGS 

1 

2 

A-6-S 

3 

4 

5 

6 

7 

8 

9 

10 

TEST  READINGS 

kVA 

kVAR 

P. FACTOR^ 

- A _ 

L - 

Mm 


CHILLED  WATER  PUMP 

CONDENSER  WATER  PUMP^ 

COOLING  TOWER 

RATED 

TESTED 

RATED 

TESTED 

RATED 

TESTED 

VOLTAGE  -  PHASE  A 

y77 

2  yv 

/yf 

VOLTAGE  -  PHASE  E 

yyr* 

'z.^rp 

/97 _ 

AMPS  -  PHASE  A 

/y? 

AMPS  -  PHASE  B 

tl^ 

?Z.  & 

kW 

\ 

93 

\ 

Zi-^y 

kVAR 

- 

79 

~\ 

/y.  y 

kVA 

“A - 

/2Z 

\ 

2  9// 

POWER  FACTOR  (%) 

- \ - 

- 

OUTDOOR  AIR  TEMP.  (DEG  F) 

OUTDOOR  HUMIDITY  (%RH) 

TIME  OF  TESTING 

JOB 


Ft:  S/ll 


EMC  ENGINEERS.  INC. 

Denver  •  Colorado  Springs  •  Atlanta  •  West  Germany 

I 


SHEET  NO.  _ 

CALCULATED  BY 


J  1^ 


OF  _ 

DATE  ^ 


CHECKED  BY  _  DATE 

^IbGr  1^0 _ 


CHILLER  SURVEY  FORM 


CHILLER  NO.:  ' 

MANUFACTURER:  TKAVJe. 


MODEL:  _ 

SERIAL  NO.  ^  ?  ?//  /  3 


CHILLED 

WATER 

RETURN 

(DEGF) 

CHILLED 

WATER 

SUPPLY 

(DEGF) 

CONDENSER 

WATER 

RETURN 

(DEGF) 

CONDENSER 

WATER 

SUPPLY 

(DEGF) 

CHILLED 

WATER 

FLOW 

(GPM) 

CONDENSER 

WATER 

FLOW 

(GPM) 

DESIGN  RATING 

^3 

33 

mIa 

/B36 

2  3  7F 

[TEST  READINGS  _ _ _ 

1 

G  U 

5^.  ^ 

9  s:  9 

79 

/B  z9 

30/0 

2 

6/.0 

510,  C 

9  S'.  S' 

7%.9 

13^9 

Z9  2Z 

3 

510  J 

9r.i 

7^,9 

/3  t  ~9 

30/0 

4 

510.0 

9  S'.  9 

79.0 

f3G9  1 

30  7.9 

5 

b/.o 

SD.O 

9 S’.  9 

79.0 

/3S9 

3019 

6 

9‘f.  9 

95',i 

■77,9 

1329 

30  32 

7 

Go.  7 

9^7.  ? 

9s:s- 

7Z,9 

1379 

3o3Z 

8 

Go.~? 

95:9 

7  7.9 

1319 

3079 

9 

Go.i 

YY,  7 

9s:^ 

7  2.9 

/  3Z9 

10 

Go.  S' 

^9.7 

9  s:  9 

1?>9 _ 

/3  7Y' 

3^?2y 

EVAPORATOR 

PRESSURE 

RETURN 

(PSIG) 

EVAPORATOR 

PRESSURE 

SUPPLY 

(PSIG) 

CONDENSER 

PRESSURE 

RETURN 

(PSIG) 

CONDENSER 

PRESSURE 

SUPPLY 

(PSIG) 

DESIGN  RATING 

TEST  READINGS 

97 

3F 

I3S' 

CHWPUMP 

PRESSURE 

IN 

(PSIG) 

CHWPUMP 

PRESSURE 

OUT 

(PSIG) 

CNW  PUMP 
PRESSURE 

IN 

.  (PSIG) 

CNW  PUMP 
PRESSURE 
OUT 
(PSIG) 

DESIGN  RATING 

FT.  HdJ 

FT.  HD. 

TEST  READINGS 

rr 

T9s 

0 

19 

SOO'Z.  c/z>^  /^7T  £/LC 


EMC  ENGINEERS,  INC. 

Denver  •  Colorado  Springs  •  Atlanta  •  West  Germany 


SHEET  NO. 


OF  . 


CALCULAiED  BY 


JH/ 


CHECKED  BY  _ 


DATE  . 
DATE  , 


9//3/f^ 


SCAtC*. 


CHILLER  SURVEY  FORM 

CHILLER  NO.:  _3_  _  MODEL;  _ 

MANUFACTURER:  T/^AA/B _  SERIAL  NO.  AO  6>S'S-^ 


CHILLER  TEST 


kW 

AMPS . 

PHASE  A 

AMPS 
PHASE  B 

VOLTAGE 
PHASE  A 

VOLTAGE 

PHASES 

DESIGN  RATING 

32071a/ 

3^7 

y 

TEST  READINGS 

1 

2./H 

313 

2 

2/5^ 

'z'iC 

1 

J 

3 

2.!^ 

-2.^U 

1 

/ 

/ 

4 

2/V 

Z. 

/ 

/ 

/ 

5 

1 

/ 

j 

6 

2/V 

2?7 

/ 

/ 

/ 

7 

2/S' 

2fC, 

/ 

/ 

j 

. . "‘b 

ZjS' 

/ 

j 

/ 

9 

z/y 

7 

j 

/ 

10 

V 

/ 

/ 

TEST  READINGS 

kVA 

kVAR 

P. FACTOR  (%) 

2^0 

id 

Of=  3} 

IbAstI 

1  CHILLED  WATER  PUMP  #2 

CONDENSER  WATER  PUMRa*/ 

COOLING  TOWER  I 

RATED 

TESTED 

RATED 

TESTED 

RATED 

TESTED 

voltage“phase; 

22  ^ 

VOLTAGE  -  PHASE  E 

/  ?? 

Z2  ^ 

zaz 

AMPS  -  PHASE  A 

.//?.. 

to /.I 

AMPS  -  PHASE  B 

G2.^ 

/ /% 

t£>^ 

kW 

-ZO.  X 

kVAR 

9.J 

\ 

kVA 

22.) 

\ 

POWER  FACTOR  (%) 

*7/ 

\ 

OUTDOOR  AIR  TEMP.  (DEG  F) 

OUTDOOR  HUMIDITY  (%RH) 

TIME  OF  TESTING 

E-49 


JOB 


3ooz.ain>  FT  s/ci. 


EMC  ENGINEERS.  INC. 

Denver  •  Colorado  Springs  *  Atlanta  •  West  Germany 


SHEET  NO.  _  OF  _ 

CALCULATED  BY  _  DATE  ^ l ^  3/^?^ 


CHECKED  BY  _ _ _  DATE 

730 _ 


CHILLER  SURVEY  FORM 

CHILLER  NO.:  Ia/C^Th\ _  MODEL:  _ 

MANUFACTURER:  _  SERIAL  NO.  A  o6  SS^ 


CHILLED 

WATER 

RETURN 

(DEGF) 

CHILLED 

WATER 

SUPPLY 

(DEGF) 

CONDENSER 

WATER 

RETURN 

(DEGF) 

CONDENSER 

WATER 

SUPPLY 

(DEGF) 

CHILLED 

WATER 

FLOW 

(GPM) 

CONDENSER 

WATER 

FLOW 

(GPM) 

DESIGN  RATING 

rfEST  READINGS 

1 

s-J.C 

IF.  5 

yyy 

2 

5-1.  6 

^3J 

7rY 

^1^ 

3 

51.1 

^3,d 

ry.r 

15.V 

V7V 

523. 

4 

5-7  7 

V3.0 

? 

yvv 

5 

5'7.  ^ 

SH.% 

vr.v 

V7y 

9fz 

6 

s~1.0 

^3.C> 

7^.7 

IFF _ 

Hii 

‘112 

7 

51.  U 

F3.0 

15.3 

V7/ _ 

97? 

8 

51.  (p 

^3.0 

15.3 

y7/ 

9 

51.6> 

?y.  ? 

15.3 

m 

9?C> 

10 

57,1 _ 

^3.0 

_ Z^L2 _ 

V7/ 

97? 

EVAPORATOR 

PRESSURE 

RETURN 

(PSIG) 

EVAPORATOR 

PRESSURE 

SUPPLY 

(PSIG) 

CONDENSER 

PRESSURE 

RETURN 

(PSIG) 

CONDENSER 

PRESSURE 

SUPPLY 

(PSIG) 

DESIGN  RATING 

TEST  READINGS  _ _ _ _ 

^  / 

/  3 

_ _ _ -g/  (east} 


CHW  PUMP 
PRESSURE 

IN 

(PSIG) 

CHW  PUMP 
PRESSURE 
OUT 
(PSIG) 

CNW  PUMP 
PRESSURE 

IN 

(PSIG) 

CNW  PUMP 
PRESSURE 
OUT 
(PSIG) 

DESIGN  RATINGl 

FT.  HD. 

FT.  HD. 

TEST  READINGS 

n 

0o.5 

-/ 

ZO 

E-50 


EMC  ENGINEERS,  INC. 

Denver  •  Colorado  Springs  •  Atlanta  •  West  Germany 


FT  S/LL 


SHEET  NO. 


CALCULATED  BY  . 


j  tv 


CHECKED  BY  - - - 

^  9/V 


_  OF _ ... 

_  DATE  ^ 

_  DATE  _ 


CHILLER  SURVEY  FORM 


CHILLER  NO.:  _  _/ _  MODEL:  -  ^ 

MANUFACTURER:  -rkAUE _  SERIAL  NO.  L  Jo  S/  ^3. 


CHILLED 

WATER 

RETURN 

(DEGF) 

CHILLED 

WATER 

SUPPLY 

(DEG  F) 

CONDENSER 

WATER 

RETURN 

(DEGF) 

CONDENSER 

WATER 

SUPPLY 

(DEGF) 

CHILLED 

WATER 

FLOW 

(GPM) 

JOO 

CONDENSER 

WATER 

FLOW 

(GPM) 

DESIGN  RATING 
TEST  READINGS 

‘"i . 1 

. . 

r 

o 

‘^y.o 

5^. 

7/Z 

If  s’6> 

2 

y^.r 

_ e-qA 

72  3 

12.^3 

3 

52?,  9 

y^A 

ro.± _ 

->■2.1 

12/1 

4 

S'C  5f 

y^A 

_ 

f  Z] 

5-0.  ? 

7  3y 

/2  2  3 

5 

^  t _ 0 - 

yC>A 

^3, A _ 

COH 

727 

//  7^ 

6 

EH).  ? 

y^e.y 

^  5”/  ? 

7  2  7 

//yy 

7 

_ _ .  .Jri—J — 1_— - 

CO.  ~7 

r 

'yy,s 

5V.  7 

T27 

/Oe'Z 

8 

^3.Z 

s-o,_± _ 

7  2  3  _ 

y^y 

9 

ro.  ? 

yCA 

fi.? 

^.3- _ 

7  3^ 

97? 

10 

I  575’..7_.-- 

co.  7 

73^? 

973 

EVAPORATOR  ]l 
PRESSURE 
RETURN 
fPSIGI 

EVAPORATOR 

PRESSURE 

SUPPLY 

(PSIG) 

CONDENSER 

PRESSURE 

RETURN 

(PSIG) 

CONDENSER 

PRESSURE 

SUPPLY 

(PSIG) 

DESIGN  RATING 

TEST  READINGS 

STS’ 

yc  _ 

/O 

1 

\ 

L 

CHW  PUMP 
PRESSURE 

IN 

(PSIG) 

CHW  PUMP 
PRESSURE 
OUT 
(PSIG) 

CNW  PUMP 
PRESSURE 

IN 

(PSIG) 

CNW  PUMP 
PRESSURE 
OUT 
(PSIG) 

DESIGN  RATING 

■7^  FT.  HD. 

1  y/  FT.  HD. 

TEST  READINGS 

7575' 

5  0 

_ 2.6 _ 

..  .LI. 

E-51 


JOB 


EMC  ENGINEERS.  INC. 

Denver  •  Colorado  Springs  •  Atlanta  »  West  Germany 


SHEET  NO. _ 

CALCULATED  BY 
CHECKED  BY  _ 


W 


■seALe**_  & 


CHILLER  SURVEY  FORM 

CHILLER  NO.:  _ I _ _  oSSfh'Mn  7~5?  9  J  /?  ?/^  ? - 

MANUFACTURER;  tAANB. _ SERIAL  NO.  - 


CHILLER  TEST 

kW 

AMPS 
PHASE  A 

AMPS 
PHASE  B 

VOLTAGE 
PHASE  A 

VOLTAGE 
PHASE  B 

DES !  GNTRATI  NG 

/  3?9 

33^ 

^60 

TEST  READINGS 

■  i 

■  '  "  2  . . 

3 

4 

5 

. /7.y . 

/C  3 
lL>  f 

I&2. 

TC>  5 

1 

zy?'  7 

. T^/7  3- . . 

^73 

— 

\ 

V 

\ 

~  y . 

y  _ 

y 

. . . ~~6  1 

/  (pZ. 

\ 

\ _ 

\ 

Y 

.  7 

■ . ■"■■■  8 . 

/  ..  -. 

/Oo 

- i_. 

y . 

\ 

\ 

9 

/^/ 

\ 

\ 

\ 

'To 

/6/  _ 

“V 

' 

TEST  READINGS 

kVA 

kVAR 

fTf  ACTOR  [%j 

lOZ.  _ 

. . 

- 

.  - 

- - 

- . -  .  . . — 

— 

nwil  !  Fn  WATER  PUMP  S 

SONDENSER  WATER  PUMP  1 

COOLING  TOWE 

ER  FAV  ^  Z 

"rated 

TESTED 

"rated" 

tested 

RATED 

tESTED 

VOLTAGE  —  PHASE 

•Y7Z 

tlJe 

Y'77’ 

\/ni  TAOF  PHASE  E 

f  \y —  .  _i 

4^7  Z 

HIpZ) 

AMPS  PHASE  A 

/  (f'tr 

Y  7 

- — — — 

V/  3 

/r 

/2,Y 

AMPS  -  PHASE  B 

H  ? 

V/  3 

_ lA  1 

/y.2 

/T' 

li  1  ^ 

kW 

z9.  y 

\ 

_ 23!L 

T'TZfi 

f\  V¥ 

kVAR 

-\=r- 

nr.  7  .. 

-  V — 

7.  7 

_ 

/2.  Z. 

r 

kVA 

\ 

JAVAA  _ 

POWER  FACTOR  (%) 

1 — \ — 

\ 

77,y _ 

^2, 3  J 

1  \y  V  V  t  n  1  r^v-/  1  1  •  ^  /yj 

OUTDOOR  AIR  TEMP 
TIME  OF  TESTING 

riDEGFr' 

TT 

..isIIt-...-. 

jOUJDOOR  HUMipiTY  .(%RHil 

Tie  A'/' 

zt _ 

6-/e  SFeeti 

I\I0T^  •’  CUitlt£^/T  LIM  IT 


SBT  AT 


JOB 


FT.  SILL 


EMC  ENGINEERS.  INC. 

Denver  •  Colorado  Springs  •  Atlanta  *  West  Germany 


SHEET  NO. 


CALCULATED  BY 


^  IV 


r 


CHECKED  BY  _ 


DATE 

DATE  _ 


CHILLER  NO.: 
MANUFACTURER: 


CHILLER  SURVEY  FORM 

I  MODEL: 

_  SERIAL  NO.  7ry3  33b 


CHILLED 

WATER 

RETURN 

(DEGF) 

CHILLED 

WATER 

SUPPLY 

(DEGF) 

CONDENSER 

WATER 

RETURN 

(DEGF) 

CONDENSER 

WATER 

SUPPLY 

(DEGF) 

CHILLED 

WATER 

FLOW 

(GPM) 

CONDENSER 

WATER 

FLOW 

(GPM) 

DESIGN  RATING 

"^7 

^0 

9r 

S’5" 

/0  9Z 

TEST  READINGS 

1 

~7 

y/,? 

^.1 

rz  7: 

)  ?3  7 

2 

Y9,  -7 

y/,? 

/  33  7 

3 

H9.~7 

y/,  ? 

T/,  y 

rvr 

/  32(2> 

4 

y/,  ? 

_ _ 

jS'fV 

/33Z 

5 

y/,7 

7/,  2- 

yy^ 

/?y^ 

6 

Yf.4 

yA7 

_ 

794 

/35-9 

7 

4'9,  7 

yy.  7 

_ 

fTJ  7 

/35-9 

8 

79,7 

91.1 

_ i 

5"^ 

9 

y/.  7 

V 

_ 

/3>~y 

10 

V9  7 

y/  7 

^c.  z 

p* 

57J.  Z 

/3  37 

EVAPORATOR 

PRESSURE 

RETURN 

(PSIG) 

EVAPORATOR 
PRESSURE 
SUPPLY 
(PSIG) . 

CONDENSER 

PRESSURE 

RETURN 

(PSIG) 

CONDENSER 
PRESSURE 
SUPPLY 
(PSIG)  . 

DESIGN  RATING 

TEST  READINGS  _ _ _ 

/3.jr 

4 

r-4A> 

yy.i" 

CHWPUMP 

PRESSURE 

IN 

(PSIG) 

CHWPUMP 

PRESSURE 

OUT 

(PSIG) 

CNWPUMP 

PRESSURE 

IN 

(PSIG) 

CNW  PUMP 
PRESSURE 
OUT 
(PSIG) 

DESIGN  RATING 

^IPSI  otL  9^  FT.  HD. 

\2HeSl  OK  yr  FT.  HD. 

TEST  READINGS 

y/,  r 

79-  r 

~/.s- 

/? 

E-53 


JOB 


EMC  ENGINEERS.  INC. 

Denver  •  Colorado  Springs  •  Atlanta  •  West  Germany 


NO. _ 

CAl.CULAIED  BY 


014/ 


OF  _ 
DATE 


CHECKED  BY  _ _ : _ _ _ DATE 

^  BLb6,  Z^J2^ _ 


CHILLER  SURVEY  FORM 


CHILLER  NO.: 
MANUFACTURER: 


caMibiL. 


MODEL: 
SERIAL  NO. 


bCr  6>^(ip  7  CP 


CHILLER  TEST 


DESIGN  RATING 
TEST  READiNGS 

. .  2 


kW 


372721^ 


AMPS 
PHASE  A 

. V/O 


AMPS 
PHASE  B 
^/O 


_3 

4 


6 

f 

8 


/Hz.n 


10 


TEST  READINGS 


kVA 


ns'.B 


VOLTAGE 
PHASE  A 

VOLTAGE 

PHASES 

</ 20 

1 

i 

kVAR 


|p  FACTOR  (%) 


J/.  2 


VOLTAGE  -  PHASE  A 


VOLTAGE  -  PHASE  B 


AMPS  -  PHASE  A 


AMPS  -  PHASE  B 


kW 


CHILLED  WATER  PUMP  CONDENSER  WATER  PUMP  COOLING  TOWER 


RATED 


Z7 


27 


kVAR 


kVA 


POWER  FACTORjy^ 


TESTED 


y  ^2 


2JIAL. 


32.  S' 


lALAL 


7^^ 


RATED 


_.3^_ 


TESTED 


y  Fz 


3^.  Z 


27.  6 


33.  y 


RATE] 


FED 


TESTED 


yg3_ 


ys*/ 


!  Z ,  (fi 


iLl. 


lO.i 


•7^/ 


OUTDOOR  AIR  TEMP.  (DEG  F) 
TIME  OF  TESTING _ 


_L_, 


fz,~7  joyxb60RHUMiblTY.(%RH)^^ 


EMC  ENGINEERS.  INC. 

Denver  *  Colorado  Springs  •  Atlanta  •  West  Germany 


SHEET  fJO.  _ 


CALCULATED  BY  , 


CHECKED  BY 


/ 1 1  Oi 


44 2_ 


CHILLER  NO.; 
MANUFACTURER; 


DES[GN  RATIN^G 
TEST  READINGS 

1 

2 

. .  3 

4  _ 

'  5 . 

_  1  ^  ^ 

“  ‘8 

-g- 

io 


CHILLED 

WATER 

RETURN 

(DEGF) 


S4,5' 


CHILLER  SURVEY  FORM 

c::  ]/f+£  -oq>3P-^ia- 

MODEL;  Z  PCz  4 ^3  CB  1C  nOB&CovDOOooo -j^lAc 
^  SERIAL  NO.  L  _ 

' _  _ ^ 

CHILLED  I  CONDENSER  1  CONbeNSED - CHIUED - CQMOeNSEfl 

WATER  WATER  WATER  WATER  WATER 

SUPPLY  RETURN  SUPPLY  FLOW  FLOW 

(DEGF) 


■s~4.4> 

.S~4i  (e 

<“4.5“ 

S'4.S‘ 


CONDENSER 

WATER 

RETURN 

(DEGF) 


(DEG  F) 


4s',2. 
45', -2- 

4  £',2. 

4s:  z. 

^S'.Z 


4-^rZ 

AS'.I 


74,4- 


WATER 

WATER 

FLOW 

FLOW 

(GPM) 

(GPM) 

n7s^ 

l  I3c? 

1  _ 

ajA-s' 

LI  A€> 

1  ^12-  _ 

1(30 

.i(4o _ 

.  J  <  zo 

I3P.7L. 

1  l3o 

1  4DZ- 

1  1^ 

l9lZ. 

1  ^02. 

IS'se^c, 
/Vr 


l(4-5- 


Ievaporator  IevaporatorTco'ndenser  Tcondenser 


;  DESIGN  RATING” 


pressure 

RETURN 

(PSIG) 


PRESSURE 

SUPPLY 


PRESSURE 

RETURN 


PRESSURE 

SUPPLY 


1  L.W  1  r  ll-r^L-rM 

- 

- — - 

1 

1  nU\M  Dl  IMP 

1  P.WW  PI  IMP 

. 

rnNJW'PUMP” 

fCNW  PUMP 

L - - 

! 

DESIGN  RATING 
TEST  READINGS 


PRESSURE 

IN 

___.(PSIGL^_I 

I  Ao 


PRESSURE 

OUT 

(PSIG) 

FT.”  HD. 


PRESSURE 

IN 

(PSIG) 

_ 


PRESSURE 

OUT 

(PSIG) _ 

FT.HD. 


E-55 


JOB 


3  <g>  g>2  ,  fTT-SlL-C, 


EMC  ENGINEERS.  INC. 

Denver  •  Colorado  Springs  •  Atlanta  *  West  Germany 

CHECKED  BY  _ _ _  DATE 

'll?  iM  r  ~ 


CHILLER  SURVEY  FORM 


SHEET  NO. 


OF 


CALCULATED  BY  . 


DATE 


‘?/iiAo 


CHILLER  NO  '  ^  MODEL'.  _ _ — 

MANUFACTURER:  Tlf^rO  g _ SERIAL  NO.  U  K  C>  46  l  4n 


OUTDOOR  AiR  TEMP.  (DEG  F) 
TiME  OF  TESTING  _ 


lOUTDOOR  HyMipirY  (%RHI 


^  7  - 

E-56 


^  /C?/r>  Z  ^  OOP 


EMC  ENGINEERS.  INC. 

Denver  ♦  Colorado  Springs  •  Atlanta  •  West  Germany 


SHEET  NO. _ 


CALCULATED  BY _ 


CHECKED  BY  . 


(^L.oL-i  44z. 


CHILLER  SURVEY  FORM 


CHILLER  NO.: 
MANUFACTURER: 


71^AfJ£ 


MODEL: 
SERIAL  NO. 


HfLL£fi-  ^ 
£,  et  >>\Jt  ejcc-ep"^ 


•  (eS-lS  -^1 


CHILLER  TEST _ _ 

p|Si^  RATiN^fe 

TEST  READINGS 

.  i  [.  '3J.P 

2  3  /J  . 

3  3// 

_ 4  3^g? 

5  3lO 

6  311 

7  3of 

_ 8 _ 3<p9 _ 

_ _  _ 9_  t  3/0 

10 _ 3/0 

TEST  READING^  kVA 

J3,£-2. 


AMPS 
PHASE  A 

AMPS 
PHASE  B 

VOLTAGE 
PHASE  A 

VOLTAGE 
PHASE  B 

57>Z 

^Tip 

Xf4^n 

kVAR 

777— 


iP  .FACTOR 


CHiLLED  WATER  Pi^P  _  1cOND|NS|R jW^R 

RATED 'I  [  _  TESJED _ .RATED _ lESTED  _ 

VOLTAGE  -  PHASE  A  _ _ *^4^ - 

voltage'- PHASE  B  . . 4^0 - - 

ampV-  phase  a _ -IS _ - . . — ’^A- 

AMPS  -  PHASE  B  -7  S _ - .  ^  ^ - 

SC. _ -ix, _ - 7^7 

kVAR _  \.  — - - - 

kVA  V  S2.4- _ - ±7W_ 


AMP^-  PHASE  A _ 7S _ 

AMPS  -  PHASE  B _ "7^ _ 

m _ . 

kVAR  X _ 2  9. 1 

kVA _ X _ 

POWER  FACTOR  (%)  I _ 

ni TmOORXiR  TEMP .  (DEG  F)  ] 

tImE  OF  TESTING _ LJ^lAST'-... 


3 

l^.Z. 

29.  I 


POOLING  TOWER 
RATED _ 


TESTED 


Outdoor  humidity''(%rh)_.. 


3~Zo 


E-57 


.  OOO _ ^T.  S\L.L. 


EMC  ENGINEERS.  INC. 

Denver  •  Colorado  Springs  •  Atlanta  •  West  Germany 


CAtCUlATED  DY  , 


CHECKED  BY _ 


.4-4-2- 


CHILLER  SURVEY  FORM 


CHILLER  NO.: 
MANUFACTURER: 


CHILLED 

WATER 

RETURN 

(DEGF) 


,design_ra™^ 

TEST  READINGS 


CHILLED 

WATER 

SUPPLY 

(DEGF) 


MODEL: 
SERIAL  NO. 


V  ■ 

4^,4:. . 

2 

.  .. 

3 

4  . 

A-s'A 

4S'.3 

_  - 

6 

7 

8 

.  9 . . 

stA  ... 

1 

5:s:A. 

. 

AS',  3 

4S',  4 

4  S',  4 

“‘To 

4s4 

CONDENSER 

CONDENSER 

CHILLED 

CONDENSER 

WATER 

WATER 

WATER 

WATER 

RETURN 

SUPPLY 

FLOW 

FLOW 

(DEGF) 

(DEG  F) 

(GPM) 

(GPM) 

B5r 

l  I7-C> 

1  STir- 

L 

73 

/z44 

2J 

I2.4i 

Zc^l 

IZIS' 

2^7^ 

Z/OS 

L  2- 

tZoS' 

/2o<r 

•Z247 

1(45“ 

-2.3/3 

IZZS~ 

'Z3e>^ 

1  zz^ 

•2.2^4 

PESiGN  RATINC^ 
TEST  READINGS 


evaporatorI^aporator  ]  condenser  condenser 
PRESSURE  pressure  PRESSURE  PRESSURE 

RETURN  SUPPLY  RETURN  SUPPLY 

(PSIG)  I  (PSIG) _ (PSIG) _ J _ (PSIG) _ 


7^- 


DESIGN  RATING 
TEST  READINGS' 


CHW  PUMP 
PRESSURE 
IN 

(PSIG) 


CHW  PUMP 
PRESSURE 
OUT 

(PSIG) _ 

FT.  HD. 


“CNWPUMP 

PRESSURE 

IN 

(PSIG) 

\S'o 


CNWPUMP 

PRESSURE 

OUT 

(PSIG) 

FT.  HD. 


E-58 


EMC  ENGINEERS.  INC. 

Denver  •  Colorado  Springs  •  Atlanta  •  West  Germany 


’^adZ.oaz)  /^tt  S/I-L 


SHEET  NO.  _ 

CALCULATED  BY 


CHECKED  BY  _ 


n.,.  ‘f/l'ij'll 

DATE  _ 


CHILLER  SURVEY  FORM 

CHILLER  NO.:  / 

MANUFACTURER; 


MODEL:  bCrC>/ 

SERIAL  NO.  73-^g7- 


CHILLED 

WATER 

RETURN 

(DEGF) 

CHILLED 

WATER 

SUPPLY 

(DEGF) 

CONDENSER 

WATER 

RETURN 

(DEGF) 

CONDENSER 

WATER 

SUPPLY 

(DEGF) 

CHILLED 

WATER 

FLOW 

(GPM) 

CONDENSER 

WATER 

FLOW 

(GPM) 

DESIGN  RAtlN^ 

43 

fr 

tS’ 

137.0 

/(pro 

TEST  READINGS  _ _ _ _ 

1 

V/,  ^ 

^1>.  z 

T%.0 

"ZO.l 

S~43 

7?r 

2 

4Z.  / 

41.  1 

^1.4 

79./ 

_ _ 

77? 

3 

41-. 0 

41.% 

^?,2- 

70.Z _ 

430 

Ill 

4 

4Z.0 

47.  ? 

ZZ.  3 

^0.4 

3-41 _ 

ly/p 

5 

4Z.0 

47.^ 

ZZ.3  _ 

10.4 

_ _ 

7  10 

6 

42.,! 

47.9 

?7.? 

?O.I 

rzz. 

7  lO 

7 

^Z.6 

47.  S' 

rs.o 

74.  f _ 

_ 

lC-3 

8 

4/.  ^ 

47.  S' 

fZ.  Z 

10 J 

S’ 2.°! 

-731 

9 

4/.  r 

41.  3 

7?.l 

10.3 

4/p  4 

141 

10 

4Z.0 

41-^ 

F?.7. 

10.3 

149 

EVAPORATOR 

PRESSURE 

RETURN 

(PSIG) 

EVAPORATOR 
PRESSURE 
SUPPLY 
(PSIG)  , 

CONDENSER 

PRESSURE 

RETURN 

(PSIG) 

CONDENSER 

PRESSURE 

SUPPLY 

(PSIG) 

DESIGN  RATING^ 

AP^ 

:  /0/5/f/H43j\ 

TEST  READINGS 

^(pI.S 

7(p> 

C4>C0ei>  CA(iC€ 

n 

CHWPUMP 

PRESSURE 

IN 

(PSIG) 

CHW  PUMP 
PRESSURE 
OUT 
(PSIG) 

CNW  PUMP 
PRESSURE 

IN 

(PSIG) 

CNW  PUMP 
PRESSURE 
OUT 
(PSIG) 

DESIGN  RATING 

lot  FT.  HD. 

ZZ.rPSl  rZFT.HD. 

1  TEST  READINGS 

47.  S 

14 

-7 

E-59 


JOB 


EMC  ENGINEERS.  INC. 

Denver  •  Colorado  Springs  •  Atlanta  •  West  Germany 


FTT  S/LL. 


SHEET  NO.  _  . 

OF 

)  \A/ 

CALCULATED  BY  ^ 

OATr 

CHECKED  BY  . . 

_  DATE 

CHILLER  NO.: 
MANUFACTURER: 


CHILLER  SURVEY  FORM 

_j _ _  MODEL: 

C An  IE  It  SERIAL  NO. 


13~07~  l‘^^lP/ 


CHILLER  TEST 


kW 

AMPS 
PHASE  A 

AMPS 
PHASE  B 

VOLTAGE 
PHASE  A 

VOLTAGE 
PHASE  B 

DESIGN  RATING 

'SoSlin 

37? 

373 

X/(f£> 

^6>o 

TEST  READINGS 

1 

Z<01 

2Z/ 

^S~L 

2 

-2.0  •r 

Z  Z.<? 

I _ 

3 

% 

-2x7  Z 

220 

4 

no.  S’ 

-220 

_ _ _ 

5 

Zc  Z 

220 

/ 

6 

(p 

zoc? 

220 

/ 

7 

i6>^.  r 

ZCZ 

220 

j 

. .L_ 

8 

220 

/ . 

9 

/69.  9 

22/ 

I 

1 _ 

10 

no,  3 

-US'S 

2Z  / 

_ i 

V 

TEST  READINGS 

kVA 

kVAR 

P. FACTOR  (%) 

l-?2 

5*4^ 

Jr,  2 

CHILLED  WATER  PUMP 

CONDENSER  WATER  PUMP 

COOLING  TOWER 

RATED 

TESTED 

RATED 

TESTED 

RATED 

TESTED 

VOLTAGE  -  PHASE  A 

sso 

JOO 

_ 

VOLTAGE  -  PHASE  E 

WA 

■jzn 

_ 4^22 _ 

AMPS  PHASE  A 

fpon 

ro.o 

3  Y 

3Z.^ 

_ ^ 

/5:y 

AMPS  -  PHASE  B 

Lo.-} 

57,6 

3? 

3i.i 

/7.  Z _ 

/7.  5- _ 

kW  ' 

33.  / 

\ 

V  1 

ZY  .l  __ 

\ 

to.s 

kVAR 

^ - 1 

/Y,2 

\ 

_ 

kVA 

”T 

V 

2Y.Y 

_ 

an _ 

POWER  FACTOR  (%) 

— \ 

76,/ 

\ 

73,  s" 

OUTDOOR  AIR  TEMP.  (DEG  F) 

79,7 

OUTDOOR  HUMIDITY  (%RH) 

'8s:<7 

TIME  OF  TESTING 

VT  S/LL 


EMC  ENGINEERS.  INC. 

Denver  •  Colorado  Springs  •  Atlanta  •  West  Germany 


CALCULATED  BY 


CHECKED  BY 


\LbG  ^7^/ 


CHILLER  SURVEY  FORM 


CHILLER  NO.: 
MANUFACTURER: 


z _ 


MODEL: 
SERIAL  NO. 


737^J_iJJL±__ 


CHILLER  TEST 

DESIGN  RATING 
TEST  READINGS 
1 
2 

; _ 3 _ 

4 

5 

6 

7 

8 
9 

10 

TEST  HEADINGS 


kW 

AMPS 
PHASE  A 

AMPS 
PHASE  B 

VOLTAGE 
PHASE  A 

VOLTAGE 
PHASE  B 

3o£Toa 

375*- 

37  ? 

//3 

/5-^ 

I5~^ 

9?jr 

no 

I5~0 

/iTF 

_ 1 _ 

_ i _ 

il(. 

15”/ 

__J _ 

_ /_ 

9y 

1 _ 

hh 

//r 

1 _ 

_ /_ 

120 

112. 

/  ^ 

113 

ITI 

i/rr 

/ 

/  . 

WL 

ISO 

1 _ 

-  / 

9(p 

(12 

113 

t  _ 

_J _ 

nz. 

irC 

/y  ? 

V 

V 

kVA 

kVAR 

P.FACTOR  {%) 

VOLTAGE  -  PHASE  i 
VOLTAGE  -  PHASE  I 
AMPS  -  PHASE  A 
AMPS  -  PHASE  B 

kW _ 

kVAR _ 

kVA _ 

POWER  FACTOR  (%) 


CHILLED  WATER  PUMP 
RATED  I  tested" 
<4MO  DFF 

_ 

bO.l _ 


^r^ENSER  WATER  PUMP 
RATED  I  TESTED 

_ 

_ 

3^ _ 

3:S _ 


POOLING  TOWER  (E^Sr 
RATED  I  TESTED ' 


yyr- 
It.  / 
/?.  3 

12.,  o 

/5~.0} 


OUTDOOR  AIR  TEMP.  (DEG  F) 

OUTDOOR  HUMIDITY  (%RH) 

TIME  OF  TESTING 

l\JOT£'-  r^lS  ChhlL-L£j^  ^  L/ALLOAhS  2L>  SEC. 


E-61 


JOB 


PIT 


EMC  ENGINEERS,  INC. 

Denver  •  Colorado  Springs  •  Atlanta  •  West  Germany 


SHEET  NO 


CALCULATED  BY 


JJV 


DATE  P 


CHECKED  BY  _ _ _  DATE 

6^bG,  y7^/ _ 


CHILLER  SURVEY  FORM 


CHILLER  NO.; 
MANUFACTURER: 


z 


MODEL:  Hb  G(fi/  ^3  C/U 

SERIAL  NO.  Ti/O  191  Z.<=l 


CHILLED 

WATER 

RETURN 

(DEGF) 

CHILLED 

WATER 

SUPPLY 

(DEGF) 

CONDENSER 

WATER 

RETURN 

(DEGF) 

CONDENSER 

WATER 

SUPPLY 

(DEGF) 

CHILLED 

WATER 

FLOW 

(GPM) 

CONDENSER 

WATER 

FLOW 

(GPM) 

DESIGN  RATING 

y3 

f  3 

/32.0 

rfEST  READINGS 

1 

^%.L> 

3 

3 

?o.  ? 

Y-7S- 

2 

V?.  V 

9b,  s 

-709 

Wl 

3 

^3-% 

6>^'l _ 

?97 

4 

^b.O 

_ 2/P,i  2 

90? 

5 

^l.S' 

sr,  9 

6 

^S-.3 

Y3.Z 

10.? 

b.bO 

??0 

7 

Y3,fr 

YC.9 

10.1 

b  IS- 

F7/ 

8 

r 

V3.  ? 

20.9 

7Z7 

r9/ 

9 

r 

VS-  ^ 

^(oJ 

2<i.^ 

-7  Z1 

??7 

10 

V3.Z 

tb.  7 

6  7  F 

9o  z 

EVAPORATOR 

PRESSURE 

RETURN 

(PSIG) 

EVAPORATOR 
PRESSURE 
SUPPLY 
(PSIG)  . 

CONDENSER 

PRESSURE 

RETURN 

(PSIG) 

CONDENSER 
PRESSURE 
SUPPLY 
_ (PSIG)  . 

DESIGN  RATING 

AP^r.77’^l{M4x) 

TEST  READINGS 

0  7.0 

70,5' 

04uCr£  ccoCU 

7>  // 

CHW  PUMP 
PRESSURE 

IN 

(PSIG) 

CHW  PUMP 
PRESSURE 
OUT 
(PSIG) 

CNWPUMP 

PRESSURE 

IN 

(PSIG) 

CNW  PUMP 
PRESSURE 
OUT 
(PSIG) 

DESIGN  RATING^ 

4^  FT.  HD. 

FT.  HD. 

TEST  READINGS 

OFF 

OFF 

E-62 


JOB 


3^Z.^  fr.  S/IL 


EMC  ENGINEERS.  iNC. 

Denver  *  Colorado  Springs  •  Atlanta  •  West  Germany 


CALCULATED  BY 


J  IV 


CHECKED  BY  _ - 


DATE  ^j^ho 


CHILLER  SURVEY  FORM 

CHILLER  NO.:  /  _  MODEL:  l^/)6-S~/  ^'ZCB _ 

MANUFACTURER:  SERIAL  NO.  -}1  jZ _ ^.OC.CpS’ 


CHILLED 

WATER 

RETURN 

(DEGF) 

CHILLED 

WATER 

SUPPLY 

(DEGF) 

CONDENSER 

WATER 

RETURN 

(DEGF) 

CONDENSER 

WATER 

SUPPLY 

(DEGF) 

CHILLED 

WATER 

FLOW 

(GPM) 

CONDENSER 

WATER 

FLOW 

(GPM) 

DESIGN  RATING 

.U 

5T 

5^0 

$-Z5' 

TEST  READINGS 

1 

C3.L 

5-C3 

2 

5"  7  7 

5'2.  2 

37.3 

10.5' 

56>r 

5%  3 _ 

3 

5"7.  / 

5-3.1 

K^.ST 

10. n 

57^  7 

4 

5"7,  0 

n.o 

T5^.  1 

V6/ 

5-77 

5 

5"Z,r 

r%7 

9 

5  (f5" 

6 

^4,  2 

S'2.,1 

r%  7 

5-^  3 

7 

cs:  S 

s-m 

y7  7 

3 

8 

S'l.L 

r?,  f 

‘90p5' 

9 

5t:  3 

y/.y 

sCi 

10 

_ ??,? 

?7  9 

5-71 

EVAPORATOR 

PRESSURE 

RETURN 

(PSIG) 

EVAPORATOR 

PRESSURE 

SUPPLY 

(PSIG) 

CONDENSER 

PRESSURE 

RETURN 

(PSIG) 

CONDENSER 

PRESSURE 

SUPPLY 

(PSIG) 

DESIGN  RATING 

AP~lO.%hliMA-X) 

^?-(>.5PSi/MAy\ 

TEST  READINGS 

2.^.0 

3?^.  5" 

MO 

s  at  TAPS 

CHW  PUMP 
PRESSURE 

IN 

(PSIG) 

CHW  PUMP 
PRESSURE 
OUT 
(PSIG) 

CNWPUMP 

PRESSURE 

IN 

(PSIG) 

CNW  PUMP 
PRESSURE 
OUT 
(PSIG) 

DESIGN  RATING 

FT.  HD. 

FT.  HD. 

TEST  READINGS 

zz.r 

s-y.r 

0 

E-63 


EMC  ENGINEERS,  INC, 

Denver  •  Colorado  Springs  •  Atlanta  •  West  Germany 


JOB  — 

SHEET  NO.  _ 

CALCULATED  BY 


Ft:  ^ ILL 

JO.  _ _  c 

ATED  BY  J  l/\/ 


9//  iho 


CHECKED  BY  _ ^ _ 

6LDC^ 


CHILLER  SURVEY  FORM 


CHILLER  NO.; 
MANUFACTURER: 


MODEL: 
SERIAL  NO. 


l^bG-S-/  3Z  CB 
77  ■Z£?6><ir 


kW 

AMPS 
PHASE  A 

AMPS 
PHASE  B 

VOLTAGE 
PHASE  A 

VOLTAGE 
PHASE  B 

DESIGN  RATING 

/iTT' k  ^v 

■z.// 

2// 

TEST  READINGS 

1 

i(iL 

/^r 

-.^zl _ 

V7S 

2 

3 

4 

5 

6 

7 

8 
9 

10 

TEST  READINGS 


jjjll 

m.o 

1 1  ^,  3_ 
//  ?■  7 

i'Z-O,  9 

kVA 


kVAR 

■7Z.3 


CHILLED  WATER  PUMP 


VOLTAGE  -  PHASE  > 
VOLTAGE  -  PHASE  I 
AMPS  -  PHASE  A 
AMPS  -  PHASE  B 

kW  _ 

kVAR _ 

kVA _ 

POWER  FACTOR  (%) 


RATED 

_ 

/3.  r 
/3,  g— 


TESTED 


P.FACTOR  (%) 


CONDENSER  WATER  PUMP 
RATED  I  TESTED 
~  MOf 

^(oO  ACCESS  me 

__iZ _ 

_ a _ 


POOLING  TOWER 
RATED 

^6>o 

_ /z>,r _ 

_ 


TESTED 

'7<P.  7 


OUTDOOR  AIR  TEMP.  (DEG  F) 

77,  r 

OUTDOOR  HUMIDITY  (%RH) 

zy.  ?  [li4 

fA//A/^J 

TIME  OF  TESTING 

^■£n>  4M 

E-64 


EMC  ENGINEERS.  INC. 

Denver  •  Colorado  Springs  •  Atlanta  •  West  Germany 


JOB _ ; 

SHEET  NO.  _ 

CALCULATED  BY 
CHECKED  BY  _ 

,S6Afce _ Q. 


Z  .  ; 

3.  _ 

TED  BY  _ H/ _ 

)  BY  _ 

^0  1 


S/^L 


"^//l  /  9 


CHILLER  NO.: 
MANUFACTURER: 


CHILLER  SURVEY  FORM 


T/IAa/£. 


MODEL: 
SERIAL  NO. 


CHILLER  TEST 


kW 

AMPS 
PHASE  A 

AMPS 
PHASE  B 

VOLTAGE 
PHASE  A 

VOLTAGE 
PHASE  B 

DESIGN  RAtiNG 

/9r 

19^ 

i6>o 

^ST  READINGS  _ _ _ _ - 

1 

tro 

^JL21 _ 

JOl _ 

10  9 

!  0  S' 
toi 
to  V 
I6L> 
101 
10^ 

10  (fi 


11.9.0 

69.7 

CHILLED  WATER  PUMP 


".ONDFNSER  WATER  PUMP  COOLING  TOWER 


VOLTAGE  -  PHASE , 
VOLTAGE  -  PHASE  I 
AMPS  -  PHASE  A 
AMPS  -  PHASE  B 

kW _ 

kVAR _ 

kVA _ 

POWER  FACTOR  (%) 


RATED 

TESTED 

RATED 

TESTED 

RATED 

TESTED 

^(oO 

9Uo 

911 

^/A- 

91'S 

V7^ 

■Y7  ? 

2,r.i 

'2.0.5' 

n 

JO.!. 

7 

25^/ 

2.0,0 

n 

/o.o 

/3. 

L>P _ 

s-,9 

\ - 

\ 

_ 

57  ST^ 

■x — 

/Lf  »L^ 

?w _ 

— 

%Z<7i> 

V 

H.H 

'll  y 

OUTDOOR  AIR  TEMP.  (DEG  F) 

79/ 

OUTDOOR  HUMIDITY  (%RH) 

7X6 

TIME  OF  TESTING 

- t-I-L - 

E-65 


3^2..  ooo 


'■T  S/LL 


EMC  ENGINEERS.  INC. 

Denver  •  Colorado  Springs  •  Atlanta  *  West  Germany 


CALCULATED  BY 


JlA/ 


^1-7  9 


CHECKED  BY  , 


RLb^ 


CHILLER  SURVEY  FORM 


CHILLER  NO.: 
MANUFACTURER: 


T^Aa/E 


MODEL: 
SERIAL  NO. 


DESIGN  RATING 
TEST  READINGS 

i 


CHILLED 

WATER 

RETURN 

(DEGF) 

CHILLED 

WATER 

SUPPLY 

(DEG  F) 

s-3 

CONDENSER 

WATER 

RETURN 

(DEGF) 


CONDENSER 

WATER 

SUPPLY 

(DEGF) 

CHILLED 

WATER 

FLOW 

(GPM) 

CONDENSER 

WATER 

FLOW 

(GPM) 

fr _ 

S' 70 

i- 

r'i.o 

IT.® 

>7.7 

. 

5’7.  Z 

A  MG',  nn 


_  rf.  ^ 

_^'3.7 

y 

5-3. -2. 
5~3.  2. 
5-1,0 

AvGi  SIS 


.7^>: 
19.  ^ 

30.  a 

5^0-0 

__ 

^ytl- 


70 

‘T/f 

073 

%,  7 

JY73 

. 

9/9 

jOyP  _ 

\0~7^  _ 

73/ 

fzy 

^OlzP  — 

QyQ 

809 

^  so 

— 

900 

4VG,  =  i‘i7. 

i  DESIGN  RATING 


PRESSURE 

RETURN 


PRESSURE 

SUPPLY 


- 

EVAPORATOrIeVAPORATOR  condenser  jCONDENSER 
PRESSURE  PRESSURE  PRESSURE  PRESSURE 

RETURN  SUPPLY  RETURN  SUPPLY 

(PSIG)  (PSIG)  .  .(PSJG) _ (PSJG) _ _ 

h  ?  -  V . . . C.o7Ps/^m 

i'"^  3»  1  .  iXzri  i — 


CHW  PUMP 
PRESSURE 

IN 

(PSIG) 

CHW  PUMP 
PRESSURE 
OUT 
(PSIG) 

designating' 

FT.  HD.| 

PRESSURE 

IN 


CNW  PUMP 
PRESSURE 
OUT 


FT.  HD 


73.>. 


E-66 


JOB 


PT  .  S  ILL 


EMC  ENGINEERS.  INC. 

Denver  *  Colorado  Springs  •  Atlanta  •  West  Germany 


SHFFT  NO, 


OF  . 


CAICHLAIFD  BY  . 


CHFCKFD  BY  _ _ _ 

S~^C>0 


DATE 

DATE 


CHILLER  SURVEY  FORM 


CHILLER  NO.: 
MANUFACTURER; 


^  'Bfi- 


CHILLER  TEST  _ 

kW 

AMPS  ] 

AMPS 

PHASE  A  j 

PHASE  B 

DESIGN  rating 

vA 

4  7 

test  READINGS 

.. 

3Z.3 

4^0 

4S'l 

2 

3Z-5" 

4^40 

4jr^ 

3 

32.4* 

44  Zr 

_ .4A3 _ 

4 

3ZS" 

■441 

4S‘z. 

5 

S'Z-S' 

442^ . 1 

4^2^ 

. . 6‘ . . 

32  3 

I  44 1 

44A 

7 

32.4- 

441 

443 

8 

AS'I . 

9 

3Z.SF 

44Z- 

45“/ 

10 

^  - 

443 

■'  45-3  „ 

TEST  READiNGS'^ 

kVA 

kVAR 

P. FACTOR  (%) 

- - - 

iSAjjf 

_ 

MODEL; 
SERIAL  NO. 


VOLTAGE 
PHASE  A 


-77  2  ^  Z  // _ 


VOLTAGE 
PH  ASE  B 

ACc> 


[  CHIU-ED  water  pump 
'rated 


]COND^SERWATERPyMP_ 


OUTDOOR  AIR  TEMP.  (DEG  F) 
TIME  OF  TESTING _ 


lo'utDOOR  HUMIDITY  (%,RHL 


g  2.3 


lAjAd. 


E-67 


EMC  ENGINEERS.  INC. 

\  Denver  •  Colorado  Springs  •  Atlanta  *  West  Germany 


,,,  ^  -Fr, 

S»l_  L. 

RWPPT  MfT 

- .  OF  _ 

PAI  rill  ATFn  RV 

.  DATE  ^  A  <? 

r.HPrkPn  rv 

DATE 

i3l.  0  C7  00 

CHILLER  SURVEY  FORM 


CHILLER  NO.: 
MANUFACTURER: 


MODEL:  4*9 S  ^ 

SERIAL  NO.  -77  /&-Z.<,Z.lJ 


-  -  ~ 

CHILLED 

CHILLED 

CONDENSER 

CONDENSER 

CHILLED 

CONDENSER 

WATER 

WATER 

WATER 

WATER 

WATER 

WATER 

RETURN 

SUPPLY 

RETURN 

SUPPLY 

FLOW 

FLOW 

(DEG  F) 

(DEGD 

(DEG  F) 

(DEG  F) 

(GPM) 

(GPM) 

DESiGN  RATiNG 

S3, -7 

^e> 

35^.. . 

_ 

/2. 

TEST  READINGS 

i 

S~^.  l 

4S-,7 

/03.7 

/S“8S 

2 

4^'.  g 

1 

4  99 

/J5'74 

3 

S'g.u 

4C,o 

\ 

_  V 

4  77 

4 

46^,  / 

/Slgt 

.  ^ 

4-^.  z. 

\ 

- 

\ 

6 

4-^,2> 

\ 

4  7/ 

\ 

■  7  ■  ■ 

_ ..  jr..t.A. _ .... 

V 

\ 

['■■■  . 8" . 

Y 

7 

^  7/ 

\ 

. ”9 . 

.  - 

'  .  ' . 

10 

44,^ 

[  3  _ 

■ 

^4^  . 

EVAPORATOR 

EVAPORATOR 

CONDENSER 

CONDENSER 

PRESSURE 

PRESSURE 

PRESSURE 

PRESSURE 

RETURN 

SUPPLY 

RETURN 

SUPPLY 

(PSIG) 

(PSIG) 

(PSIG) 

(PSIG) 

DESIGN  RATING 

L.  . 

TEST  READINGS 

//  2- 

i  0 

/z. 

4-- 

CHW  PUMP  " 

CHW  PUMP 

CNW  PUMP 

CNW  PUMP 

PRESSURE 

PRESSURE 

PRESSURE 

PRESSURE 

iN 

OUT 

IN 

OUT 

(PSIG) 

(PSIG) 

(PSIG) 

(PSIG) 

DESIGN  RATING 

/^O  FT.  HD 

6^1  FT.  HD 

TEST  READINGS 

3 

—  4* 

Z  2L 

_ 

E-68 


JOB _ 


FT.  Sit 


EMC  ENGINEERS.  INC. 

Denver  ♦  Colorado  Springs  •  Atlanta  ♦  West  Germany 


CALCULATED  BY  . 


CHECKED  BY 


>3  uOii,  S'^od 


/ 1^ 


CHILLER  SURVEY  FORM 


CHILLER  NO.; 
MANUFACTURER; 


MODEL: 


CHILLER  TEST  _ 

■  T  kW 

DESiGN  RATiNG  j5/ri<we^i 

TEST  Headings 

.  i  "1  3oS 

_ 2 

1. 3; _ 

_ 4 _  3iO_  _ 

_  _ 3g>9 

^  _ 6 _ 311 _ 

1  J  I _ 7 _ 3^3— 

IZ _ 8  3e>^ 

_ ^ _ 310 

_ _ 10 _ 310 

TEST  READINGS  kVA 


AMPS 
PHASE  A 

.43.S- 

4-2.0 
4  Z.  7 
4z-c> 


AMPS 

PHASES 

45S 


VOLTAGE 

PHASEA_ 


VOLTAGE 

PHASES 

AloO_ 


A2.0 

4'Z’C> 

Azz. 

Az.2. 

A2.0 


Z±lS_- 

4-Ze> 


P. FACTOR  (%) 


\ZX34o..J7Z~JA< 

rCHILLED  WATERPUi^ 


voLtage  -  phase/ 

VOLTAGE  -  PHASE  E 
AMPS  -  PHASE  A 
AMPS  -  PHASE  B 
kW 

kV/^ _ 

WA _ 

POWER  FACTOR  (%) 


RATED 

>4  0 


TESHD- 

IAXA^ 

TXSsS- 

S'3,4- 

’3e>n 

•Z.O.  9 , 
44,2. 
SS.O 


L  4  I _ 

CONDENSER  WATERPU^ 
RATED  I  TESTED 


>1-4^- 

_3|.  B 


POOLING  TOWER _ 


A-TA- 

3^.9 

23>o 

/S.3 


RATED 


TESTED 

4  7^ 

4  7f 
•2.1,4- 
-Zl.G, 
/4-,2._ 
to,  J 

J  7,  U 


7B.2. 


OUTDOOR  AIR  TEMP,  (DEG0 
TIME  OF  TESTING  _ 


S  3,  8  lOUTDOOR  HUMIDITY  (%RH) 


E-69 


SMFRT  NO 


OF 


EMC  ENGINEERS.  INC. 

Denver  •  Colorado  Springs  *  Atlanta  *  West  Germany 


CAI  CDLAIED  BY 


DATE 


7/ /r/^g 


CHECKED  BY  _ 

seinte* _ fht.  P  ^ 


_ _ _  DATE 

S"*)c>c> _ 


CHILLER  SURVEY  FORM 


CHILLER  NO.;  _ 2- _  MODEL:  Tc  ^ 

MANUFACTURER;  \A/esT>H  6,  £. _  SERIAL  NO.  - OY  9S~ 


CHILLED 

WATER 

RETURN 

(DEGF) 

CHILLED 

WATER 

SUPPLY 

(DEGF) 

CONDENSER 

WATER 

RETURN 

(DEGF) 

CONDENSER 

WATER 

SUPPLY 

(DEGF) 

CHILLED 

WATER 

FLOW 

(GPM) 

CONDENSER 

WATER 

FLOW 

(GPM) 

DESIGN  RATING 

8S- 

_  IB' 

-7o£> 

/  "2.oc> 

TEST  READINGS 

1 

Bz.^ 

4-1,1 

<9  3 

1  oa 

7Z/ 

iA-bb 

2 

BZ.S- 

4-I.-7 

1Z7 

l4-4i 

3 

BZ.S- 

41,-7 

\ 

\ 

146,2. 

- T - 

4 

4-1,1 

\ 

\ 

727 

1421 

5 

BZ  ,S- 

41.1 

\ 

\ 

._.X3S_ 

/ 

6' 

Sz.sr 

\ 

V 

727 

14-51 

7 

sz,  c* 

4i,& 

\ 

\ 

/  4z5r 

8 

BZ,Je> 

4-1 

\ 

\ 

733 

1  431 

9 

SZ.B 

4-1,1 

\ 

\ 

_  ^33 

/  4zb 

- - — _ 

10 

BZ.B 

4-t.l 

^3 

1  oa 

727 

7f 

EVAPORATOR 

PRESSURE 

RETURN 

fPSlGt 

EVAPORATOR 

PRESSURE 

SUPPLY 

(PSIG) 

CONDENSER 

PRESSURE 

RETURN 

(PSIG) 

CONDENSER 

PRESSURE 

SUPPLY 

(PSIG) 

DESIGN  RATING 

TEST  READINGS 

/  iO 

!  €>  ! 

/  7 

fOo  o/rm 

'  CHW  PUMP 
PRESSURE 

IN 

(PSIG) 

CHW  PUMP 
PRESSURE 
OUT 
(PSIG) 

CNW  PUMP 
PRESSURE 

IN 

(PSIG) 

CNW  PUMP 
PRESSURE 
OUT 
(PSIG) 

DESIGN  RATING 

1  <=iC>  FT.  HD. 

7^  FT.  HD. 

- 

TEST  READINGS 

_ _ 

.  jorf 

-  / 

Z.B 

.  _ _ •  -  — 

0/6 


r,  6JLL 


EMC  ENGINEERS.  INC. 

Denver  ♦  Colorado  Springs  •  Atlanta  •  West  Germany 


CALCULATED  BY  __ 


ceL~ 


CHECKED  BY 


76/^0 


CHILLER  SURVEY  FORM 


CHILLER  NO.; 
MANUFACTURER: 


MODEL: 
SERIAL  NO. 


I3PJ<^ 


CHILLER  TEST 


'DESIGN  RATINGJa^ftw^TiT^i 
TESTREADI]^^ 

"_i _ r . - 

2  J2^S2._ 

3"'  ^  2  3/ 

4  23Z 

5  . '2.2l_ 

. 6 

I  . Z3c? 

_  8  _ 

I_  _  ? _ .^30  -- 

_ io  Z3<£> 

TEST  READINGS  '  '  kVA 


am'ps 

PHASE  A 

34^6 


AMPS 

PHASER 

3  4  6_ 


VOLTAGE  1 
PHASE  A 

VOLTAGE  1 
_ PHASE  B  J 

■ 

4^0 

•2.SZ 

32f  . 

2  3/ 

35CR 

■Z32. 

324 

2.3 /_ 

32? 

z3q 

328 

. 23c? 

324 

2  3i  __ 

324 

.  ._  .2.3iP 

3Z7 

CSL  ^  / 

Z3<o 

kVA 

kVAR 

— 

324- 

327 

32<r 

32S" 

32.^ 

•2.Z3 

323 

_ 3-23 _ 

3Z3 . . 

_ 32.2-. 

"p.fa'ctor 

&7,3 


470 


Ayo 


VOLTAGE  -  PHASE  A 
V01JAG£-_PHASEJ 
AMPSjr  P'HASE  a 
AMPS  -  PHASE  B 
kW 

J^AR_ _ 

kVA _ 

POWER  FACTOR  (%) 


rCHiLlED  WATER  PUMP 


RATED_ 

~ji^O 

-  g- 

__zsr 


OUTDOOR  AIRTEMPrtDEGF) 
TIME  OF  TESTING _ 


TESTED 

:se:: 

<^4  g> 
4-4 

2  7.  ?  _ 
.52>.3 


/O  ' to 


O  N  D  EN  pR  .  WATER  P  UMP 


4-41 

y 

V 

\ 

Y 

V 

\ 

Y  “ 

_ 

— 

ifc.  ir>  Ti-AVAi 

fCD  1 

RATED 

3e>- 


TESTED  _ 

■4  74- _ 

4 -7  4- 

33~>/ 

24./ 

e 

2^.  / 

AZ.4 


RATED 


TESTED  _ 

47g> _ 

■470 
■Z2,7 
7.3  . -L 
/4:0 
I2.B 

/3.r 

’73.7 


UTDOORHUMIDITY  (%RH).. 


4^ 


E-71 


JOB 


EMC  ENGINEERS.  INC. 

)  Denver  •  Colorado  Springs  •  Atlanta  *  West  Germany 


e>iU>  J  /=r.6iLU 


SHEET  NO. 

CALCULATED  BY  _ 

---  -  OF 

DATE 

CHECKED  BY  _ 

DATE 

3eALg" ^  A-O  ^9 — ^ 


CHILLER  SURVEY  FORM 


CHILLER  NO.:  _ 3 _  MODEL: 

MANUFACTURER:  _  SERIAL  NO.  J&S"  CL5~  S’l4z_ 


DESIGN  RATiNG 
TEST  READINGS 

1 

CHILLED 

WATER 

RETURN 

(DEG  F) 

CHILLED 

WATER 

SUPPLY 

(DEGF) 

CONDENSER 

WATER 

RETURN 

(DEGF) 

CONDENSER 

WATER 

SUPPLY 

(DEG  F) 

CHILLED 

WATER 

FLOW 

(GPM) 

CONDENSER 

WATER 

FLOW 

(GPM) 

r 

4-0 

4s^'l 
As 3 
4s,  3 

.  _.4^,J. . 

. .  .  ^S' . . 

43,5" 

^3.S 

loo 

/  700 

- - 

B4,l 

/337 

■ . . . 2 

-ISZ. 

/33z. 

4 

S’ 

SA.S- 
^4/4 . 

^6k  J 

/  540 

7Z7 

IhS! 

. .  . 5 

-7/4 

/3  4^ 

■  ' 

/34S’ 

. .  6 

^4.  4 

45",/ 

43.7 

_ 3^,3^ 

^,3 

7/0 

7 

S4.4- 

4s,  c> 

43,7 

7oL 

/35"/ 

8 

S'4,  Z. 

4S,o 

f  3.  7 

702. 

1345" 

9 

^4,3 

4S‘,e> 

43  >3 

7/0 

/334 

■'lo 

^4.3 

4s,o 

43,7 

1  ec».3 

4,47 

I5AS~ 

EVAPORATOR 

PRESSURE 

RETURN 

(PSlGt 

EVAPORATOR 

PRESSURE 

SUPPLY 

(PSIG) 

CONDENSER 

PRESSURE 

RETURN 

(PSIG) 

CONDENSER 

PRESSURE 

SUPPLY 

(PSIG) 

DESIGN  RATING 

TEST  READINGS 

/£>/ 

44- 

/4 

4- 

CHW  PUMP 
PRESSURE 

IN 

(PSIG) 

CHW  PUMP 
PRESSURE 
OUT 
(PSIG) 

CNW  PUMP 
PRESSURE 

IN 

(PSIG) 

CNW  PUMP 
PRESSURE 
OUT 
(PSIG) 

DESIGN  RATING 

/^n  FT.HD.l 

7 S'  FT.  HD. 

TEST  READINGS  _  .  _ 

_ 

:  “  : 

/  oo 

--4- 

•ZB, S' 

- - - - - 

JOB 


.  £>  !{>  P-T,  SiL  L. 


EMC  ENGINEERS.  INC. 

Denver  •  Colorado  Springs  •  Atlanta  •  West  Germany 


CALCULATED  BY  . 


CHECKED  BY  - 

- 


9  //s-ho 


CHILLER  SURVEY  FORM 


CHILLER  NO.: 
MANUFACTURER: 


bESJGN  RAirNG 
TEST  READINGS 

1  ' 

2 
3 

.  4’ 


MODEL: 
SERIAL  NO. 


PEHoKo _ 

-^OO-lOO 


CHILLED 

CHILLED 

CONDENSER 

CONDENSER 

WATER 

WATER 

WATER 

WATER 

RETURN 

SUPPLY 

RETURN 

SUPPLY 

(DEGD 

(DEGF) 

(DEG  F) 

(DEGF) 

s^rz 

ZJZp^-- . 

3^Z- 

73  FyjB 

CHILLED 

WATER 

FLOW 

(GPM) 


.5:±.p. 

S~^,0 

_ 

S-4.  / 
£r4.o 
^4,  o 


4  34-  B/i4- 

344 

48,4-  Bh4- 

SSO 

48, JT 

*f(, 

BS(p 

_ - L-  -  ■  --  - 

43,  S'  ^1,  4^ 

43 ,  iT  B/>  4 

^f,3- 

e>sc^  _ 

43, jT 

S’ 

4-3,5'  ^f, 

^/.4  ' 

48,4  Bf,5^ 

^/,S 

^<2,2. 

43,^  Bt  •  S' 

“  43  .4-  Sf'S' 

^/.s 

Ssr4 

CONDENSER 

WATER 

FLOW 

(GPM) 

"/S84- 

/g _ 

/4  27 

/c^3£r 
/<^35r 
IC^S^  ^ 

/  s'-rs' 


EVAPORATOR 

PRESSURE 

RETURN 

(PSIG) 

EVAPORATOR 

PRESSURE 

SUPPLY 

(PSIG) 

CONDENSER 

PRESSURE 

RETURN 

(PSIG) 

CONDENSER 

PRESSURE 

SUPPLY 

(PSIG) 

DESIGN  RATING 

TEST  READINGS 

/  e?o 

*^4- 

fS^ 

DESIGN  RATING 


PRESSURE 

IN 

(PSIG) 


PRESSURE 

OUT 

(PSIG) _ 

FT.  HD. 


itoi  ncMuuNoo 

35"  „■ 

:3X 


CNWPUMP 

CNWPUMP 

PRESSURE 

PRESSURE 

IN 

OUT 

(PSIG) 

(PSIG) 

[  FT.  HD. 

,—  ^5 — 

3Z. 

\0'2.  t  £>/(£> ,  f~T,  StLL- 


E  M  C  ENGINEERS.  INC. 

Denver  ♦  Colorado  Springs  ♦  Atlanta  •  West  Germany 


SHEET  NO  _ _ 


CALCULATED  BY  . 


CHECKED  BY 


Rl&6,  S-^oo 


CHILLER  SURVEY  FORM 


CHILLER  NO.: 
MANUFACTURER: 


CHILLER  TEST 


__ 

CPuA'^ 


DESiGN  RATiNG 
TEST  READINGS 

'  ■  3 _ I  - 

3"^  _ 34^ 

3  34-< 

4  ■  34i 

5  345 

6  34^* 

7  34^ 

?  1  344 

? _ ^S4iJ 

10 _ 3  4i 

TESTREADINGS  kVA 


AMPS 
PHASE  A  _ 


"“amps  ' 

PHASES 
■STc*  I 


MODEL: 


VOLTAGE 
PHASE  A_ 

4^1^  o 


'  VOLTAGE 
PHASE  B 


34 JT 
344- 

4 si 
43J  . 

4=70 

344 

34r 

345- 

34^. 

34^  1 

344- 

343 

4'7^ 
4BI 
47S 
43Z 
4-02- 
..41^  - 
41^ 

4  7Z 

4  73 

4  ZK? 

4  72. 
47Z 

,4.73 

3  43" 

4B>I 

41p_^ 

kVA 

kVAR 

P. FACTOR  (%) 

tl4.2. 

_ ^9 

4^'S' 

44^ 

t 

F 

\ 

“  V 

y 

y 

V 

Y 

:y:;: 

y 

CHILLED  WATER  PUMP  _ 
rated"  T  TESTED 


VOLTAGE  -  PHASE  ^ 
VOLTAGE  -  PHASE  E 

HAi  tU 

4-bo 

4-ikO 

AMPS  -  PHASE  A 
AMPS  -  PHASE  B 

kW 

kVAR 

kVA 

\ 

POWER  FACTOR  (%j 

TIME  OF  TESTING 


7u.4- 

^  ST  / 

l/:b^ 


:OND ENSER  WATER  PUMP 
RATED  I  TESTED 

4-^c> _ 44  4 

I  4^,0  _ 4<:>3^  - 

_ ^2r=_  43>4 

_ -S-j?  4z74- 

_ X  3  ^i2_  J 


POOLING  TOWER 
RATED _ 

46>o _ 

_ 

3^// 4- _ ' 


TESTED  »fe- 
^<^•7 


I  X  I  7.5:<fe_j _ ^ 

^  _ Ac^/^4 

rUTp'OOR  HUMIDITY  (%RH1  I  4  ^ 


•.p4c£.  n? 
r4/<^ 

/A^'A-SoZ^^enr. 


E-74 


.  g>>b.  Cr,  S>LL. 


EMC  ENGINEERS.  INC. 

Denver  •  Colorado  Sprinp  •  Atlanta  ♦  West  Germany 


SHEET  NO,  _ 


CALCUIAIEDBY 


CMECKEO  BY _ 


S^C>0 


^  As-Ao 


CHILLER  SURVEY  FORM 


CHILLER  NO.: 
MANUFACTURER: 


DESIGN  RATING 


CHILLED 
WATER 
RETURN 
(DEG  F) 


CHILLED 
WATER 
SUPPLY 
(DEG  F) 


MODEL: 
SERIAL  NO. 


1 

S3.3> 

42,^ 

2 

42.^1 

3 

375.5  _ 

4z,2> 

4 

.■5‘5.3 

42A 

5 

42,7 

6 

42,7 

"7" 

S3.i  . 

42,7 

8 

42,7 

9 

4z,l_ 

10 

42.7 

CONDENSER 

WATER 

RETURN 

(DEGF) 


Wz.l 


CONDENSER 

CHILLED 

CONDENSER 

WATER 

WATER 

WATER 

SUPPLY 

FLOW 

FLOW 

(DEGF) 

(GPM) 

(GPM) 

1 

/2-c>o 

_ 

/  oz4- 

^,4 

^  74> _ 

1  03) 

_ 

_ 3o,L 


47^ 

(joss' 

(p  t  (p 

iSSi 


/  0  7.A 
IO2A- 
1024 
loz4- 

10-2.4- 

lo4s“ 


DESIGN  RATING 


EVAPORATOR 

PRESSURE 

RETURN 

(PSIG) 

EVAPORATOR 

PRESSURE 

SUPPLY 

(PSIG) 

CONDENSER 

PRESSURE 

RETURN 

(PSIG) 

CONDENSER 

PRESSURE 

SUPPLY 

(PSIG) 

1  CO  1  nCAAL-^IINVaO 

/  07 

L.._. 

/z. 

DESIGN  RATING 
TEST  READINGS’ 


CHW  PUMP 
PRESSURE 
IN 

(PSIG) 


CHW  PUMP 
PRESSURE 
OUT 
(PSIG) 


/  «92-  FT.  HD. 


CNWPUMP 

PRESSURE 

IN 

(PSIG) 


CNWPUMP 

PRESSURE 

OUT 

(PSIG) 

~7S“  FT.  HD. 


:3.s- 


E-75 


EMC  ENGINEERS.  INC. 

Denver  •  Colorado  Springs  •  Atlanta  »  West  Germany 


JOB  _ 

SHEET  NO.  _ 

CALCULATED  BY 

CHECKED  BY  _ 

SCALE  _ Q 


CHILLER  SURVEY  FORM 


CHILLER  NO.: 
MANUFACTURER; 


CHILLER  TEST 


MODEL; 
SERIAL  NO. 


DESIGN  RATING  |27c>Kw@4to- 
TEST  READiKiGS 

“I’  -  -”l _ I- . 

_ 2 _ :z.ss- 

_I _ 3 _ :2:3.S_ 

_ 4 _ 

r  _  _  5  r  z.s..g^, 

_  6  _ 

_ _ t _ 

_ 8 _ Z-32> 

_9 _ 

10 

TEST  READINGS  "  kVA 

r  _ 


AMPS 
PHAGE  A 

3.^1 


amps'" 

PHASE  B 


B-5"7 


VOLTAGE 
PHASE  A _ 

4  i>  ^ 

VOLTAGE 

F’  H  ASE  B 

4_ic> _ 

-4  “70 _ 

\  1 

\ 

\ 

\ _ 

\ 

V 

y 

\ 

\ 

y 

\ 

\ 

y 

y 

y 

\ 

I  CHILLED  WATER  PUMP 


VOLTAGE  -  PHASE 
VOLTAGE  -  PHASE  E 
AMPS  -  PHASE  A 
AMPS  -  PHASE  B 

kW _ 

J^AR _ 

kVA _ 

POWER  FACTOR  (%) 


RATED 

■4-^g> 


TESTED 

4yo 

4H 


OUTDOOR  AIR  TEMP.  (DEG  F) 
TIME  OF  TESTING _ 


1 4^  _ 

FMtl 


/7-  ^5“ 


^DENSER  WATER  PUMP 
RATED  I  TESTED  "" 
4/c.o  ^■Tg _ 

4-Zo  A 

^<8  3  I  >4- 

X  "ZT-.O 


UTDOORHyMiM^^RHl] 


POOLING  TOWER 
RATED _ 

4-^  o _ 


TESTED 

4-7/ 
4-72. 
3.4-2_ 
"ZA.O 
/7.  / 

IQ^T- 


I  8^.7 
^pe£t> 


E-76 


EMC  ENGINEERS,  INC. 

Denver  •  Colorado  Springs  •  Atlanta  *  West  Germany 


..lOB _ 

SHEF.T  NO _ 

CALCULATED  BY  _ 


3  OOG 


CHECKED  BY  . 


f^LO 


^  /|2-Ao 


CHILLER  SURVEY  FORM 


CHILLER  NO.: 
MANUFACTURER: 


MODEL:  ^  ///A  —d44~F-  —Hi+  -03.Uhl  AV/J 
SERIAL  NO.  Lfi!  B'2.1  &!  O _  _ ^ 


ISA  lAS-Z^oO 


CHILLER  TEST 

kW 

AMPS  1 

PHASE  A 

AMPS  n 
PHASE  B 

VOLTAGE 
PHASE  A 

^DESIGN  RATING 

A-ipc? 

VOLTAGE 
PHASE  B 


1^  __ 

.  “2“'  ^ 

2  3  ' 

4 

. 5  '  " 

6' 

. 7 . 

. 8  ' 

.  '9' 

2_1 _ 10 _ 

TEST  READINGS 


••  -  ■  - . 

kVA 

kVAR  I 

_ 

CHILLED  WATER  PUMP  _ 
‘  ■"RATED  "  I  TESTED. 


VOLTAGE  -  PHASE  f 
VOLTAGE  -  PHASE  E 

amps‘->haseA_ 

AMPS  -  PHASE  B 

kW _ 

kVAR _ 

kVA _ 

POWER  FACTOR  (%) 


P .FACTOR  (%; 


RATED 

. S-7- 

S'l 


■  c?  f^AATlPU4£^ 

- - 

rn  in/m  *2  IMfti  TO\Ai 

fPR  ~l 

TESTED  _ 

2?.Z_ 


RATED 


TESTED 


OUTDOOR  AIR  TEMP.  (DEG  F) 
t  ViME  OF  TESTING  _ 


UTDOOR  HUMIDITY  {% 


OllTD 


JOB  2»  ^ 


EMC  ENGINEERS,  INC, 

Denver  •  Colorado  Springs  •  Atlanta  •  West  Germany 


SHEET  NO. _ OF _ 

CALCULAfEO  FiY  „  _ _ _ DATE  ^  ^  O 

CHECKED  BY _ _ _  DATE  - - 


CHILLER  SURVEY  FORM 


CHILLER  NO.;  _ I _  MODEL:  - ^ - 

MANUFACTURER.  _  SERIAL  NO.  jg 


CHILLED 

WATER 

RETURN 

(DEGF) 

CHILLED 

WATER 

SUPPLY 

(DEGF) 

CONDENSER 

WATER 

RETURN 

(DEGF) 

CONDENSER 

WATER 

SUPPLY 

(DEGF) 

CHILLED 

WATER 

FLOW 

(GPM) 

CONDENSER 

WATER 

FLOW 

(GPM) 

DESIGN  RATING  1 

se> 

-f  2- 

9S^ 

^S~ 

6,4s- 

f  f^o 

TEST  READINGS  _  ,  . 

. .  ■  T 

f 

.  ^^4^  _ 

i- 

12. 

2 

cl^'t  lUv^ 

opt 

1  -  - 

12/3 

3 

- - 

4 

‘5 . . 

6 

122S 

“7 

/22.3 

8 

120& 

9 

- - - V 

J- 

10 

. 

. 

V 

/2^3 

0^^ic£. 


EVAPORATOR 

PRESSURE 

RETURN 

fPSIGI 

EVAPORATOR 

PRESSURE 

SUPPLY 

(PSIG) 

CONDENSER 

PRESSURE 

RETURN 

(PSIG) 

CONDENSER 

PRESSURE 

SUPPLY 

(PSIG) 

DESIGN  RATING 

- \ - € - 1 - - - - - 

TEST  READINGS 

CHWPUMP 

PRESSURE 

IN 

(PSIG) 

CHW  PUMP 
PRESSURE 
OUT 
(PSIG) 

CNW  PUMP 
PRESSURE 

IN 

(PSIG) 

CNW  PUMP 
PRESSURE 
OUT 
(PSIG) 

DESIGN  RATING 

FT.  HD. 

FT.  HD. 

TEST  READINGS 

A 

0 

to 

L 

:s-7 

- £A/=^y 

EMC  ENGINEERS.  INC. 

Denver  •  Colorado  Springs  •  Atlanta  •  West  Germany 


3  •  ^c>c>  >  V  f  LL 


CALCULAIEO  BY 


CHECKED  BY  , 


CHILLER  SURVEY  FORM 


CHILLER  NO.: 
MANUFACTURER: 


_ 

T^AbL!^- 


MODEL:  ✓//£  ~c4Sli>- 

SERIAL  NO. 


CHILLER  TEST 

p|siGN”a^TiN^ 

TESTREADiNGS 

_  I _ 

~~2 

”  3 _ 

.  "4 

5 

6 

7 

8 

. rz”?iri 

To  Z 

TEST  READINGS 

I  (T^ 


VOLTAGE  -  PHASE  / 
VOLTAGE  -  PHASE  E 
AMPS  -  PHASE  A 
AMPS  -  PHASE  B 

m _ 

JlVAR _ 

_ 

POWER  FACTOR  (%) 


AMPS 

PHASE  A  . - 

44  s- 


“amps 

PHASE  B 


“voltage 

PHASE  A 


VOLTAGE 
PHASE  B 


1-10 


ifi'L 

Cl 

.__U32ia- 

Sic  (  5*7 

l^z  [11^ 

m  [ 

/4^ 

200  )214_ 

IA< 
<3-2-  ^ 
17.4 

1 

i3'7. 

|i34 

i3l?. 

t-o2>  '  Z'S 
1o^  [zM- 
ZoS")z.o4 
20 4  20Z 
■ZO>  ZP& 

^4  (2jL_ 

iZO 

r 

kVA  N 

( 47:  ^ 

t/Ac->e.  - - 

kVAR  1 

i  So 

- - - r: - r 

RATED 

41,0 

/vz-.g* 


TESTED _ 

470  __ 

4i6 

_  .45,e„. 

•zs.  1 _ 

3ST\ 


P.FACTOR  (%) 


RATED 


A/i>o 

447- 

_ J 

j 

\ 

\ 

/ 

\ 

s 

\ 

p 

1^2-i 

)  0 

\ 

_ 1 

I 

\ 

\ 

/ 

f-n  ifcjn  "9 

IMF2Tn\Ai 

rn 

OUTDOOR  AIR  TEMP.  (DEG  F) 
TIME  OF  TESTING _ 


TESTED 

AUl. 

46,2- 

_ 

_i4 _ 

2.4.1 


UTDOOR  HUMIDITY  f%RH) 


RATED 


TESTED 


(iAitJitJj 


£>£>"2.,  OctO  ■  •f'T.SlLL. 


EMC  ENGINEERS.  INC. 

Denver  •  Colorado  Springs  •  Atlanta  •  West  Germany 


CALCULATED  BY 


CHECKED  BY  . 


BUX^  6>c>o. 


CHILLER  SURVEY  FORM 


CHILLER  NO.: 
MANUFACTURER; 


MODEL: 
SERIAL  NO. 


CHILLED 

WATER 

RETURN 

(DEGF) 

DESIGN  RATING 

^8>  '"J 

TEST  READINGS 

1- 

VO  ^  U- 

Zo 

i 

SC.U  (  £*6. 6- 

2 

3 

tlTJ 

4" 

t 

5 

4-h 

6 

^  1 

L.  1 

7 

8 

9 

Ut- 

10 

y  1  ' 

f 

CHILLED 

WATER 

SUPPLY 

(OEGF) 


CONDENSER 

CONDENSER 

CHILLED 

CONDENSER 

WATER 

WATER 

WATER 

WATER 

RETURN 

SUPPLY 

FLOW 

FLOW 

(DEGF) 

SU/iCiO. 

(DEGF) 

(GPM) 

(GPM) 

_  9ir:L_ 

fss- 

S'4-o 

//3o 

1 

/O'ik _ 

£<7.0.  [ ■4-7,7 


4  7.g  \  48,  % 
4t,.o  T4t>.7 
4sr,t,  \A-S-.9 
4sA]4^7^ 


10  VT  1^.2.S4^4,L  V  I  V _ L 

A»-  N6  6,e7oO  LOC^oHS,  i;u>^tSTA^  0€.^IC£. 

^aporatorTevaporator  condenser  I  condenser 

PRESSURE  PRESSURE  PRESSURE  PRESSURE 

RETURN  SUPPLY  RETURN  SUPPLY 

_ (PSIG)  I  (PSIG) _ (PSIG) _ (PSIG) _ 


_  //  0(a 

_ //  Ola _ 

II_ _ nio 

_  noi 

_ um _ 

_ no!  _ 

_ tHO— 

_  ^  I  112^  I 


L/L-vjtvjiiN  r  ir-\  I 

TEST  READINGS 

4ro 

fo,G' 

DESIGN  RATING- 
TEST  READINGS 


CHW  PUMP 
PRESSURE 
IN 

_ (PSIG) 


CHW  PUMP 
PRESSURE 
OUT 
(PSIG) 

FT.  HD. 


CNWPUMP 

PRESSURE 

IN 


CNWPUMP 

PRESSURE 

OUT 

__JP_S!^_ _ 

FT.  HD. 


Pnrtt^  _ 

£UdO(^ 


p— ■  -] 

E-80 


EMC  ENGINEERS.  INC. 

Denver  •  Colorado  Springs  •  Atlanta  •  West  Germany 


trm  ^  f 

<?MFFT  MO 

r  . 

OF  _  _  i 

r.Ai  r.iH  AiFn  RY 

nATF  ^  /  1  Z  0  ^ 

nilFf^KFORY 

DATE  _ 

^fiAi  F"  ^ 

CHILLER  SURVEY  FORM 


CHILLER  NO.: 
MANUFACTURER: 


DESIGN  RATING 
TEST  READINGS' 

■  _ . '"i  "■ 

■  . . . 33 

. “3"  A  _ 

_r_5 

6 

7  _  73  § 

”3^ _ 9^ 

10 


_  s _ 

-TTBAa/^ 

CHILLED 
WATEH 
RETUnN 
(DEG  F) 

7:^771 


MODEL: 
SERIAL  NO. 


CHILLED 

,  CONDENSER 

CONDENSER 

CHILLED 

WATER 

WATER 

WATER 

WATER 

SUPPLY 

RETURN 

SUPPLY 

FLOW 

(DEG  F) 

(DEG  F) 

(DEGF) 

(GPM) 

~4i^ 

77^.s::i. 

I&r 

Ml 

Ar.^ 

±LU.. 

Si>± 

57.8 

ffAS 

f  7..A  _ 

tTJ__ 


z*iS 

A4,i 

M.j 

As.o 
^  4«?,0 
>  g|.S~ 

S-q.A- 

Aid. 


CONDENSER 

WATER 

FLOW 

(QPM) 

~~773o 

TM.&L 

/37^ 


i4if _ 

ABL  ji 

JAlt— 

Jlj£— 

_ 

i3S^~ 


^^G^RATING 
TEST  READINGS 


_ _ De.}/\ce.^£»i 

[evaporator  IeVAPORATOR  I  CONDENSER  CONDENSER 


•Vt-  f^O  CtOoP  ^6-TEA-  ^PoT,  t\A^ 

De\/i£.Bd&£lSwACD^  SET  <S  ( 


"^o 


PRESSURE 
RETURN 
__tP_S!G) _ 


PRESSURE 
SUPPLY 
(PSIG) _ 


“7rT' 


PRESSURE 
RETURN 
(PSIG)  _ 


PRESSURE 

SUPPLY 


DESIGN  RATING 
TEST  READINGS 


CHW  PUMP 
PRESSURE 
IN 

_ (PSIG) 


CHW  PUMP 
PRESSURE 
OUT 
(PSIG) 

FT.  HD. 


zr.  0 

CNWPUMP 

PRESSURE 

IN 

(PSIG) _ 


CNWPUMP 

PRESSURE 

OUT 


FT.  HD 


•zz- 


> oo'z..ooo  ^  F^T.  Sill. 


EMC  ENGINEERS.  INC. 

Denver  •  Colorado  Springs  •  Atlanta  •  West  Germany 


CALCUI  AFED  BY 


CHECKED  BY  _ 

lSl.OC:i  4^£>£>1 


CHILLER  SURVEY  FORM 


CHILLER  NO.: 
MANUFACTURER: 


CHILLER  TEST 


DESIGN  RATING 


_ 3.._ 


MODEL:  ^me  -oAS-^i  -An-Zk. 
SERIAL  NO.  i. 


AMPS 
PHASE  A 

44jr' 


AMPS 

-PHASE  B_ 

^44  S' 


TEST  READINGS  /-lo  <.|i-Zo(  i-fp 


_ 1 _ 

_ __2 _ 

3 

_ 4 _ 

5 

6 
7 

] _  8 

9 

I _ 10l_ 

TEST  READINGS 


IIS~i 

37  \  (Bo 

72 

ir4\ 

4-3 

/|4  \  izo 

^r7( 

izz  ) 

64  ) 

tzo 

12-T\ 

1^0 

l2-z\ 

Ze?fl _ 

lz4r-\ 


VOLTAGE  -  PHASE 


VOLTAGE  -  PHASE 


AMPS  -  PHASE  A _ 

AMPS  -  PHASE  B 


kW _ 

kVAR _ 

kVA _ 

POWER  FACTOR  (%) 


CHILLED  WATER  PUMP 


RATED  TESTED 

~4 


:r. 


OUTDOOR  AIR  TEMP.  (DEG  F) 
fiME  OF  TESTING 


APPENDIX  F 


FIELD  SURVEY  NOTES 


BOILER-RELATED  EQUIPMENT 


BOILER  FIELD  SURVEY  NOTES 


F-1 


EMC  ENGINEERS.  INC. 

Denver  •  Colorado  Springs  •  Atlanta  •  West  Germany 


JOO  _ 

SHEET  NO.  _ 

CALCULATED  BY 

CHECKED  BY  _ 

SCALE  _ 


3002.000  Ft.  Sill  Central  Plant 

- —OF  - - 

....  o?  /  fA/ 


HAT.  ^M/V 

DATE  _ 


BOILER  SURVEY  FORM 


BOILER  MFG.: 

BOILER  TYPE:  STEAM  S  Tf  '  ~ PSI 

MODEL  NO. 

BOILER’S  CAP ACiTY:  "  MAX  BTUH  OUTPUT: 

MAX  BTUH  INPUT: 

BOILER  FUEL:  OIL  [  ]  #_  _  GA: 


DRM  ^  j 

LOCATION: 

HOT  WATER  [  ]  _ DEG.  F  SET  POINT 


ouiLtMhUhU  UILl  J# _  GASM  ELECTRIC  I  ]  OTHER  [  ) 

BURNER  MFG.:  _ _ 

MODEL  NO.  _ ““  _  _  . .  . . . 

BURNER  TYPE  FORCE  aIr  pf  OPEN  FLAME  [  ] 

SEASONAL  SWITCH  OVER:  SUMMER  TO  _ 

WINTER  TO  _ ' 

-(S4S>^Oo/\^-/=>/ATT.  ^/o 

CONTROL  MFG.:  . 


STACK  TEST: 

TEST  1 

£)Ar  _  ^  ^  ^ 

-SrS'A/^/i 

TEST  2 


_ _ I^RRE 

%02  ~ 
TEMP  (F)  ^ 

_  CO _ ;  ■ 

%EFF 


75%  HIGH  FIRE 


LOW  FIRE 

"  50% 

75% 

HIGH  FIRE 

%02 

TEMP  (F) 

CO 

%  EFF 

COMMENTS: 


2^  3  Aee"  /c^)/e  USB. 


^  C/}/VAJS7~  72SS7"  —  5dYJ27^'^  /^-dtC^T^O  //^c€>/?7Po^7^ 

/y/9s£)  y~/<?Oc.>  B  L£  ^  . 


F-2 


JOB 


3002.000  Ft.  Sill  Central  Plant 


EMC  ENGINEERS.  INC. 

Denver  •  Colorado  Springs  •  Atlanta  »  West  Germany 


SHEET  IMO.  _ _ 

CALCULATED  BY  . 

CHECKED  BY  _ 

SCALE  _ 


^  /  f/V 


BOILER  SURVEY  FORM 


BOILER  MFG.:  _ 

BOILER  TYPE:  STEAM  fA^]  // 

MODEL  NO.  762. 

BOILER’S  CAPACITY:  MAX  BTUH  OUTPUT: 

MAX  BTUH  INPUT: 

BOILER  FUEL:  OIL  [  )  #_ _ 


LOCATION: 

^PSI  HOT  WATER  [ 

,OOG 

GASTi^  ELECTRIC!  ] 


BURNER  MFG.: _ 

MODEL  NO.  _ j _ 

BURNER  TYPE  FORCE  AIR 

SEASONAL  SWITCH  OVER: 


CONTROL  MFG.: 


)RCEAIR[/f  OPEN  FLAME!  ] 

SUMMER  _  _  TO 

WINTER  _  TO 

_ _ 


-9%o 

DEG.  F  SET  POINT 


OTHER!  ] 


STACK  TEST: 

TEST1 


TEST  2 


LOW  FIRE 

50% 

%02 

3 

TEMP  (F) 

/f  2 

2-9^ 

CO 

o 

/!■  ^ 

%  EFF 

LOW  FiRE 

50% 

%02 

TEMP  (F) 

CO 

%  EFF 

Ay/- 


HIGH  FIRE 

_ 9- 

(P.-SJ/. 


HIGH  FIRE 


COMMENTS: 


i 


JOD 


3002.000  Ft.  Sill  Central  Plaat 


EMC  ENGINEERS.  INC. 

Denver  •  Colorado  Springs  •  Atlanta  •  West  Germany 


SHEET  NO.  _ 

CALCULATED  BY 

CHECKED  BY  _ 

SCALE  _ 


/^c, 


OF  _ _ 

DATE  '^  } 

DATE  _ 


BOILER  SURVEY  FORM 


BOILER  MFG.: 

BOILER  TYPE:  STEAM 

MODEL  NO.  _ 7  L  3  ~ 

BOILER'S  CAPACITY:  MAX  BTUH  OUTPUT: 

MAX  BTUH  INPUT: 
BOILER  FUEL:  OIL  [  J  # 


LOCATION: 

PSI  HOT  WATER!  1  _ DEG.  F  SET  POINT 

.  _  7-.9-S^,000  _ 

GAS  M  iLECTRiC  n  OTHER  [  J 


BURNER  MFG.: 

MODEL  NO.  _ 3  ^  ^ .  . 

BURNER  TYPE  '  FORCE  AIR  '  OPEN  FLAME  [  ] 

SEASONAL  SWITCH  OVER:  SUMMER  TO 

WINTER  TO 


CONTROL  MFG.: 


/^£'^aoC>y-<^/^Oo^-/°/ATT.  -icp  / 

- . . . 


STACK  TEST: 

TEST  1 


TEST  2 


LOW  FIRE 

50% 

75% 

HIGH  FIRE 

%02 

(>.  3 

5.  ^ 

TEMP 

'3^ 

“  CO 

o-^sy. 

C>-Z/- 

orr^. 

%EFF 

<^fr^  - 

VZ 

S'/.  7 

LOW  FIRE 

50% 

75% 

HIGH  FIRE 

%02 

TEMP  0 

CO 

‘%EFr 

COMMENTS: 


i'l 


F-4 


JOB 


3002.000  Ft.  Sill  Central  Plant 


EMC  ENGINEERS.  INC. 

Denver  •  Colorado  Springs  •  Atlanta  •  West  Germany 


SHEET  NO. 


CALCULATED  BY  , 

CHECKED  BY  _ 

SCALE  . 


OF  . 


DATE  , 
DATE  . 


BOILER  MFG.: 

BOILER  TYPE:  StEAM  |>T  _ 

MODEL  NO. 

BOILER’S  CAPACITY:  MAX  BTUH  OUTPUT: 

MAX  BTUH  INPUT: 

BOILER  FUEL:  OIL  [  ]# _ 


BOILER  SURVEY  FORM 


LOCATION: 

>SI  HOT  WATER  [  ] 

_ 2^2:  srg;  QOO 

GAS  i^;^  ELECTRicin  OTHER  [  ] 


DEG.  F  SET  POINT 


BURNER  MFG.:  _ _ _ 

MODEL  NO.  _ _  _  " 

BURNER  TYPE  '  FORCE  AIr ><1  OPEN  FLAME  [  ] 

SEASONAL  SWITCH  OVER:  SUMMER  _  TO 

WINTER  '  TO 


CONTROL  MFG.: 


Fba&oqy 


STACK  TEST: 

TEST1 


TEST  2 


lo’w’fire' 

50% 

75% 

HIGH  FIRE 

%02 

3 

TEMP  (F) 

7.7.2. 

3-?-/ 

CO 

W 

%  EFF 

or  5" 

_ _ 

LOW  FIRE 

50% 

75% 

HIGH  FIRE 

%02 

TEMP  (F) 

— - - ^ 

CO 

%  EFF 

COMMENTS: 


cys  CS¬ 


V-5 


730 


gLD6'  NO 

NAMB 


Boiuet^  50(^Je'y 

pati'  .  (?y^ ^ 


Ji 


©F  ^\[B\Us) 

^JUMBel^  «>F  fDMPO  He4T|N<^. 


• 

PAIW  O?BiiAT\0t^  . 

WgEK^ND  4  HOMDAV 
<J?P^g/V,TfO/\/. 

!\J0.  ©F  BO(L^ 
0N-HN6 

3  DU/Z//U& 
lO/aJ  T^  ^ 

/  dOKi/OCr  €onn^^ 

A  L  L  3  D  L>;e  /  >ULr  cu/Aym 

1  P  U^l  (06r  s  P///V>C/^ 

ho.Of^  PUMP 

UN- UNI? 

Q.  A  O^ 

fO 

4 

'ies 


reMi' 


MCN^TOlZ 


EAIL7 


we5J<^Ly 


COMMENTS 

730  S  OPPi  /-P  /3^ 

9^^  CQJTJ^  /h>o—  Ada?  /y'T^^ - ^ 


c.ieo..  PUMP  Fo/e  3  ou-r^//u£:_ 

J3lLQ^ _ 3  Ca^JD  PU/rPs  Fo^  SJ^AM 

/}>C>/^/E/QS _ _ _ _ _ 


F-6 


EMC  ENGINEERS.  MC. 

Denver  •  Colorado  Springs  •  Atlanta  •  West  Germany 


JOB  _ 

SHEET  NO.  _ _ 

CALCULATED  BY 

CHECKED  BY  _ 

SCALE  _ 


3002.000  Ft.  Sill  Central  Plant 


^/nh/ 


BOILER  MFG.: 

BOILER  TYPE:  STEAM  M  M. 

MODEL  NO.  PP  -  g/  O 

BOILER'S  CAPACITY:  MAX  BTUH  OUTPUT: 

MAX  BTUH  INPUT: 

BOILER  FUEL:  OIL  [  ]# _ 


BURNER  MFG.:  _ 

MODEL  NO. _ 

BURNER  TYPE  FORCE  AIR  | 

SEASONAL  SWITCH  OVER: 


BOILER  SURVEY  FORM 

I  LOCAl 

J^IZ.  PSI  HOT\ft 


LOCATION: 

HOT  WATER  [  ] 


SUMMER 

WINTER 


CONTROL  MFG.: 


79s~ 


DEG.  F  SET  POINT 


/;  CtZ,  _ 

ELECTRIC  [  ]  OTHER  [ 

“open  FLAME [  ] 


STACK  TEST: 

TEST1 

(PATs  'F 

AAAf/,  ^  '/FH 

TEST  2 


COMMENTS: 


LOW  FIRE 

50% 

75% 

HIGH  FIRE 

%02 

1^.3 

3.-? 

TEMP  (F) 

CO 

9  rm 

%  EFF 

9-2 

LOW  FIRE 

50% 

75% 

HIGH  FIRE 

%02 

TEMP  (F) 

CO 

%  EFF 

Be’/'CFF  DOAlF^TfC  A/W  /=P3F 

<ro/i/r/ec>i^  By  '  cof/a^  <£>  Z.F Ps/^  cc^t ofF f2 P9S , 


F-7 


3002.000 

Ft.  Sill  Central  Plant 

EMC  ENGINEERS.  INC. 

Denver  •  Colorado  Springs  •  Atlanta  •  West  Germany 

SHEET  NO 

-  -  OF 

J  W 

CALCULATED  BY  '' 

DATE  ^  f  y  ^  / 

CHECKED  BY 

- f - f - 

date 

SCALE 

BOILER  SURVEY  FORM 

BOILER  MFG.:  _RAy_t^<  LOCATION: 

BOILER  TYPE;  STEAM  [  ]  _ ^PSI  HOT  WATER  M  /  KO  DEG.  F  SET  POINT 

MODEL  NO,  £4  ^0O  ITS 

BOILER’S  CAPACITY:  MAX  BTUH  OUTPUT;  i ,(o  (77),  C/Dt> _ 

MAX  BTUH  INPUT:  oc6 _ 

BOILER  FUEL;  OIL  [  ]# _  GAS  EH  ELECTRIC  [  ]  OTHER  {  ] 

BURNER  MFG.;  _ 

MODEL  NO. _ 

BURNER  TYPE  FORCE  AIR  [  ]  OPEN  FLAME  M 

SEASONAL  SWITCH  OVER:  SUMMER _ TO  _ 

WINTER  ■  TO 


9/y 


CONTROL  MFG.: 


STACK  TEST: 

TEST  1 


TEST  2 


COMMENTS: 


I 


H-OT  wAT£7i^  /A-t/A 


F-8 


JOB 


3002.000  Ft.  Sill  Central  Plant 


EMC  ENGINEERS,  INC, 

Denver  •  Colorado  Springs  •  Atlanta  •  West  Germany 


SHEET  NO.  _ 

CALCULATED  BY 

CHECKED  BY  _ 

SCALE  _ 


o  w 


DATF  j ^  / 

DATE  _ 


BOILER  SURVEY  FORM  . 

Bo iLeif^4* 

BOILER  MFG.:  LOCATION;  9/^ _ 

BOILER  TYPE:  STEAM  [  ]  _ ^PSl  HOTWATER4<J  DEG.  F  SET  POINT 

MODEL  NO.  G'/iO/?, _ 

BOILER’S  CAPACITY:  MAX  BTUH  OUTPUT:  l>  0 _ 

MAX  BTUH  INPUT:  Z,  4' <77?  .  inn, 

BOILER  FUEL:  OIL  [  ]  # _  GAS  fyj  ELECTRIC  [  ]  OTHER  [  ] 

BURNER  MFG.:  _ _ _ 

MODEL  NO. _ 

BURNER  TYPE  FORCE  AIR  [  ]  OPEN  FLAMER 

SEASONAL  SWITCH  OVER:  SUMMER  _  TO  _ 

WINTER  _  TO  _ 


CONTROL  MFG.:  ^0A/Eyit/£LO  Ai9c*/SV9^l>^6> 


STACK  TEST: 

TEST1 


TEST  2 


LOW  FIRE 

50% 

75% 

HIGH  FIRE 

%02 

- 

TEMP  (F) 

— 

CO 

^ — 

SL&  ppm 

%  EFF 

7-7-9 

LOW  FIRE 

50% 

75% 

HIGH  FIRE 

%02 

TEMP  (F) 

CO  1 

%  EFF 

I 


COMMENTS:  A/B\a/ 

tk>T  [A^A-T-i^/L  / 


F-9 


EMC  ENGINEERS.  INC. 

Denver  •  Colorado  Springs  •  Atlanta  •  West  Germany 


JOB  _ 

SHEET  NO,  _ 

CALCULATED  BY 

CHECKED  BY  _ 

SCALE  _ 


3002.000  Ft.  Sill  Central  Plant 


OF  _ 

DATE 

DATE  _ 


BOILER  SURVEY  FORM 


BOILER  MFG.:  STA-//b/\itX) 

BOILER  TYPE:  STEAM  [  ]  _ PSI 

MODEL  NO.  G  "iQ  19 _ 

BOILER’S  CAPACITY:  MAX  BTUH  OUTPUT:  /, 


l)o  /  t£ye  ^  y 


LOCATION:  7/7 _ 

HOT  WATER  M  24^  DEG.  F  SET  POINT 
l£>(D 


MAX  BTUH  OUTPUT:  /  9Zr?  OOP 

MAX  BTUH  INPUT: 


BOILER  FUEL:  OIL  [  ] 


GASH.  electric;  ]  other;  ] 


BURNER  MFG.:  _ 

MODEL  NO.  _ _ 

BURNER  TYPE  FORCE  AIR;  ]  OPEN  FLAME  ;A«q 

SEASONAL  SWITCH  OVER:  SUMMER  _ _  TO 

WINTER  _  TO 

CONTROLMFG.:  AO  A/ E '/ 9  a  ^  £V  b  ^6> 


STACK  TEST: 

TEST1 


1 

LOW  FIRE 

%02 

TEMP  (F) 

CO 

%  EFF 

- ^ 

75% 

HIGH  FIRE 

.  //./ 

o 

_ 

TEST  2 


LOW  FIRE 

50% 

75% 

HIGH  FIRE 

%02 

TEMP  (F) 

CO 

%EFF 

COMMENTS:  Cc>^T^^  C  $  '^£EJ>£p 

/-/<?  T  / A-TAA 


SrAcic  S0^ri/U&- 


sotrtt^c  PHoeCJi.^ 

2-  I 

3  n  QB 


F-10 


Boiues-  soa^isf 

6L06.  NO  _  PA-re 

0r(5<^T0^  WAMI?  M’tidc  _ 

Op  BPIlBl^) 

OF  pumpcs)  HeATIN<^.  ^  _ 


pAlL'y  CJPBRATION'  , 

NI^HT  WgEl^NP  4 

<i?p^RMlO/\/.  ^ 

IMO.  OF  BOIL^ 
0N“HNB 

i\)0.  op ,  pyMP 

ON- UNI? 

;2. 

1  1  ■■  — - - - 

'I 

BOILER  5l4tJrD0lAiN  BV 


MCN  lT0j2. 


CAIL7  X 


i:oMM0^NT^ 

^  iu>A71^iZ.  OSMl>  /^7'Ct  l>i^jOCr 

Z^/z/)  /3^/^^S  _S£0£^£,  U^/S^72t^(^. 

1  C7254/V  jSc>M£/e.  AU  V£j4je  /^d)>g  Af/}^//^ 

/-/OT  _ _ _ _ _ _ - 


EMC  ENGINEERS.  INC. 

Denver  •  Colorado  Springs  •  Atlanta  •  West  Germany 


3002.000  Ft.  Sill  Central  Plant 


SHEET  NO . 

OF 

CALCULATED  BY  .  \AJ 

DATE 

^///  hf 

CHECKED  BY  .  _ 

DATE 

- / - 1 — - 

SCALE 

BOILER  SURVEY  FORM  £o>Le,i^  I 

BOILER  MFG.:  F£l>£<4L  Bo/LEii  Co  LOCATION;  /  2- 

BOILERTYPE:  STEAM  _ PSI  HOT  WATER  [  ]  _ DEG.  F  SET  POINT 

MODEL  NO.  G-S.  3  S-^Z  S-^^/3 18 

BOILER’S  CAPACITY:  MAX  BTUH  OUTPUT:  !,  _ 

MAX  BTUH  INPUT:  Z,  2.^0,  c>(S>o _ 

BOILER  FUEL:  OIL[  ]# _  GAS  [t-i"  ELECTRIC  [  ]  OTHER  {  ] 


BURNER  MFG.:  _ _ _ 

MODEL  NO. _ 

BURNER  TYPE  FORCE  AIR  OPEN  FLAME  [  ] 

SEASONAL  SWITCH  OVER:  SUMMER  _ _  TO 

WINTER  TO 


CONTROL  MFG.:  h^o^CyWELL 


STACK  TEST: 

O  TEST1 
OAT  r  C2F 


TEST  2 


COMMENTS: 


t>OM£STiC.  OA/Ly 


j  /VBS8  /^(9CC  . 


F-12 


JOB 


3002.000  Ft.  Sill  Central  Plant 


EMC  ENGINEERS.  INC. 

Denver  •  Colorado  Springs  »  Atlanta  •  West  Germany 


SMEEf  NO.  _ 

CALCULATED  BY 

CHECKED  BY  _ 

SCALE  _ 


v\  tv 


OF  __ 
DATE 
DATE 


BOILER  SURVEY  FORM  Bo/c£<  ^  ^ 


BOILER  MFG.:  TN-iE/iMD  -  P/fel 

BOILER  TYPE:  STEAM  [  ] _ 

MODEL  NO.  G  \a/-  S'S'PdX  _ 

BOILER’S  CAPACITY:  MAX  BTUH  OUTPUT: 

MAX  BTUH  INPUT: 

BOILER  FUEL:  OIL  [  ]  # _ 


LOCATION:  Z _ 

PSI  HOT  WATER  ^  190  DEG.  F  SET  POINT 


3,  ?  000 


GAS^[‘i^^ 


'  r-i  I 


electric;  ] 


other;  ] 


BURNER  MFG.;  _ _ _ 

MODEL  NO. _ _  _ 

BURNER  TYPE  FORCE  AIR;  ]  OPEN  FLAME 

SEASONAL  SWITCH  OVER:  SUMMER  __  TO 

WINTER  TO 


CONTROL  MFG.: 


H-QMjEy  v(/BLu  OF 


STACK  TEST: 

TEST  1 

OAF^  ^3  V 

TEST  2 


LOW  FIRE 

50% 

75% 

HIGH  FIRE 

%02 

l'5-3 

TEMP  (F) 

CO 

1-2,  Pm 

1^  PP^ 

%  EFF 

¥'•■7 

7-;. S’ 

— 

'  LOW  fire  ' 

50%  ' 

75% 

HIGH  FIRE 

%02 

TEMP  (F) 

CO 

%  EFF 

COMMENTS: 


F-13 


JOB 


3002.000  Ft,  Sill  Central  Plant 


EMC  ENGINEERS.  INC. 

Denver  •  Colorado  Springs  •  Atlanta  •  West  Germany 

► 


SHEET  NO.  _ 

CALCULATED  BY 


DATF  ^ 


CHECKED  BY 


DATE 


SCALE 


BOILER  SURVEY  FORM  Uilb^  ^  3 


BOILER  MFG.:  -  P/ZcC  LOCATION:  ZS/ Z 

BOILER  TYPE:  STEAM  (  ]  _ PSI  HOT  WATERS  190  DEG.  F  SET  POINT 

MODEL  NO.  G  \a/-  S'SDOX 

BOILER'S  CAPACITY:  MAX  BTUH  OUTPUT:  3.  9  Y7,  OOP _ 

MAX  BTUH  INPUT:  H.9  ^  3. 75~0 _ 

BOILER  FUEL:  OIL  [  ]# _  GAS  [  ]  T^CTRIC  [  ]  OTHER  [  ] 


BURNER  MFG.:  _ _ _ 

MODEL  NO. _ 

BURNER  TYPE  FORCE  AIR  [  ]  OPEN  FLAME  [><] 

SEASONAL  SWITCH  OVER:  SUMMER _ TO 

WINTER  TO 


CONTROL  MFG.:  H-QA/^y 


STACK  TEST: 

TEST  1 


TEST  2 


LOW  FIRE 

50% 

75% 

HIGH  FIRE 

%02 

m--3 

lO.'g 

TEMP  (F) 

775' 

47-2. 

CO 

O 

%  EFF 

_ _ 

LOW  FIRE 

50% 

75% 

HIGH  FIRE 

%02 

TEMP  (F) 

CO 

%  EFF 

COMMENTS: 


/ 


I 


F-14 


ftolLgR  5L>l^er>  poi^r^. 


I  X 


PATT-  0~  ^  /■■ 


6LD6'  NCX 

orc^/^ATt)*^  NAM^  '^^'^'f  _ _ 

OP  &>ILBI^)  ^3)  2.  f^gf  I 

^JU^VlBel^  OF  fVMpG)  HB4T|N(^.  (  jj  2  /-/^Af-^  I  I  &okcjtt^^^ 


;Y\ 


PAIL'II  OPEPATlDf^  , 

YJeBKBND  4  H^>MDAy 
.3?P^k^Tio/\;- 

MO.  OF  ROILI^ 
ON'UINe 

5  UtKtr^<)  5«A$o^ 

j  5^5  ^  y'^A< 

' 

A/iLi  A  .  •)  Cy\j/5''  A 

y//ACi  &^'><-^SLj  1  La^  (SoTi-tffV 

ho.Of^  PUMP  ^ 
ofvj-UNb 

L_ _ 

■i _ _  — — — — 

BoitPk  ^HOTDOWN  BV  (Ot/rsiDe:  AIR  THHP  >/e5  ^  o'" TeM^ 


MCM>TO|i 


CAIL7 


COMME^WT-S 

!  ^f</Kiv,  ^nf^A-  MA|^-if,-r^  Lc^1  t 

j-{oj  py^fe/^  1^0 A.  //A^L. - - - - - - — • 

y  //<^  SoXi^^  AJAlrvtAW  - 


EMC  ENGINEERS.  INC. 

Denver  •  Colorado  Springs  •  Atlanta  •  West  Germany 


3002.000  Ft.  Sill  Central  Plant 


SHEET  NO. 

_  OF  _ 

CALCULATED  BY 

_  DATE  _ 

CHECKED  BY  _ . 

_ '  DATE 

- ^ - f - : - 

SCALE  . 

BOILER  SURVEY  FORM  ^  , 

BOILER  MFG.:  LOCATION:  ^90/ 

BOILER  TYPE;  STEAM  [>cr  (OO  PSI  HOT  WATER  [  ]  DEG.  F  SET  POINT 

MODEL  NO.  _ fSH  _ 

BOILER’S  CAPACITY:  MAX  BTUH  OUTPUT:  ( ^  /CXP^OOO 

MAX  BTUH  INPUT:  _ 

BOILER  FUEL:  OIL  [  ]# _  GAS  [><r  ELECTRIC  [  ]  OTHER  [  ] 

BURNER  MFG.: 

MODEL  NO. _ 

BURNER  TYPE  FORCE  AIR  [><f  OPEN  FLAME  [  ] 

SEASONAL  SWITCH  OVER:  SUMMER  TO 

WINTER  TO 


CONTROL  MFG.: 


fz^fcpot/e^  2_- 

yyrcf: 


STACK  TEST: 

TEST1 

TEST  2 


LOW  FIRE 

50% 

75% 

HIGH  FIRE 

%02 

^.2. 

A-2. 

AP 

A.y 

TEMP  (F) 

^7- S' 

ih2r£ 

CO 

37 

30 

T/ 

%  EFF 

7Sr-  ? 

_ 77.  2^ 

LOW  FIRE 

50% 

75% 

HIGH  FIRE 

%02 

_ _ - 

TEMP  (F) 

CO 

- 

%  EFF 

- ^ 

COMMENTS: 

^  -  Af^  4^/9r/o  a^T"  ^  yc=A/^  ■ 

—  C>e£^7'  AJOT 

^  uxi's  kTBpr  sc/r  c€)z  f  s^T<9Cki 

pc/ 

—  o/c^  CA/AALB'-'  V/P(9A-£, 


F-16 


JOB 


3002.000  Ft.  Sill  Central  Plant 


EMC  ENGINEERS.  INC. 

Denver  •  Colorado  Springs  •  Atlanta  •  West  Germany 


SHEET  NO. 


OF  , 


CALCULATED  BY 

CHECKED  BY  _ 

SCALE  _ 


DATE  . 
DATE  . 


BOILER  SURVEY  FORM 


STEAM  M 
PBH  sr?-y 


loo 


BOILER  MFG.: 

BOILER  TYPE: 

MODEL  NO. 

BOILER’S  CAPACITY:  MAX  BTUH  OUTPUT: 

MAX  BTUH  INPUT: 

BOILER  FUEL:  OIL  [  ]# _ 

BURNER  MFG.;  _ 

MODEL  NO. _ 

BURNER  TYPE  FORCE  AIR  [yf 

SEASONAL  SWITCH  OVER:  SUMMER 

WINTER 


PSI 


LOCATION: 

HOT  WATER  [  ] 


DEG.  F  SET  POINT 


/  ,  /£>O,C>0D 


GAS[^  ELECTRIC  [  ]  OTHER  [  ] 


OPEN  FLAME  [ 


TO 

TO 


CONTROL  MFG.: 


/VAg-  (PP-30^ 


STACK  TEST: 

TEST1 

TEST  2 


COMMENTS: 


F-17 


- 1  M  C  ENGINEERS,  INC. 

Denver .  Colorado  Springs  •  Atlanta  •  West  Germany 


^502^500 - Ft,_^ince5tral  Plant 


CALCULATED  BY  . 


CHECKED  BY  . 


BOILER  SURVEY  FORM 


boiler  TYPE;  STEM/T^^^’^'T^ 

MODEL  NO.  FBH 

BOILER’S  CAP ACITY;  MAX  BTUH  OUTPUT: 

^  max  BTUH  INPUT: 

BOILER  FUEL:  OIL  [  ]  # 


burner  MFG.: 

MODEL  NO.  - 

burner  TYPE  FORCEAlRi 

SEASONAL  SWITCH  OVER: 


LOCATION: 

HOT  WATER  [  ] 


I  DE'^  SET  POINT 


//  /oe>. 


ELECTRIC  [  ]  OTHER  (  ] 


SUMMER 

WINTER 


OPEN  FLAME  I 


CONTROL  MFG.: 


STACK  TEST: 


TEST1 


TEST  2 


%02 
TEMP  (F) 
CO 
%  EFF 


%02 

11mF(r 

CO 
%  EFF 


LOW  FIRE 

33ZZ 

4-r^ 

/f 

Tow>ire 


50% 

3-9 
^5-9- 
3-?- 
■99.  S' 


75% 

9  fO 
39- 
-99. 'T 


HIGH  FIRE 
S".  2. 

2LS~ 

99.  Z 

"high  fire 


COMMENTS: 


F-18 


EMC  ENGINEERS.  INC. 

Denver  •  Colorado  Springs  •  Atlanta  •  West  Germany 


.lOR 

3002.000 

Ft.  Sill  Central  Plant 

SHPET  MO 

OF 

OAL CLJLATED  BY 

HATP  ^Z.k  1^1 

CHECKED  BY 

DATE 

SCALE 

BOILER  SURVEY  FORM  ^  / 

BOILER  MFG.:  LOCATION:  fTplQ 

BOILER  TYPE:  STEAM  [  ]  _  PSI  HOT  WATER  pq  DEG.  F  SET  POINT 

MODEL  NO.  PFS'/S' _ 

BOILER'S  CAPACITY:  MAX  BTUH  OUTPUT:  ^^0,  0(n> _ 

MAX  BTUH  INPUT:  3,  97$  _ 

BOILER  FUEL:  OIL  [  ]  # _  GASM-  ELECTRIC  [  ]  OTHER  [  ] 

BURNER  MFG.:  _  _ 

MODEL  NO. _ 

BURNER  TYPE  FORCE  AIR  glxj-  OPEN  FLAME  [  ] 

SEASONAL  SWITCH  OVER:  SUMMER  _  TO  _ 

WINTER  _  TO  _ 

CONTROL  MFG.:  _ /t1^  G0~/^ 


STACK  TEST: 

TEST1 

TEST  2 


LOW  FIRE 

50% 

75% 

HIGH  FIRE 

%02 

14-^ 

TEMP  (F) 

£0  7- 

COaY- 

^.Z 

%  EFF 

9A  y 

v'- 

LOW  FIRE 

50% 

75% 

HIGH  FIRE 

%02 

TEMP  (F) 

CO 

%  EFF 

COMMENTS:  P-iPe  S/sr£M 

SLOTTEt^  LEVent  FH£c  ^  /4■AJ^^S^  =  TyAE  / 

/^OT  set  With  oHSAt  /2  /  0^/y\ 

3  V/Ay  \JAlVE  os  a 

/'/w  5  ^ES£t  TBmP, 

Selves  ,  rneLEFoEE  H-eAT  cAwhibArE 

"  ZFfh/P. 


^  Dc^yriBSTic  HOT  /v?97^^  soycip^/z^ 


m/rlP. 

COz. 

Bl  *y/ 

A  2 

^f‘lc 

BL4AI- 

4^/ 

/(P.Z, 

F-19 


JOB 


3002.000  Ft,  Sill  Central  Plant 


EMC  ENGINEERS,  INC. 

Denver  •  Colorado  Springs  •  Atlanta  •  West  Germany 


SHEET  NO.  _ 

CALCULATED  BY 

CHECKED  BY  _ 

SCALE  _ 


_  OF  _ 

_  DATE  / 

_  DATE _ 


BOILER  SURVEY  FORM 


BOILER  MFG. 
BOILER  TYPE: 
MODEL  NO. 


BOILER'S  CAPACITY: 
BOILER  FUEL:  OIL  [ 


STEAM  [  ] 


PSI 


LOCATION: 

HOT  WATER  M 


EG 


DE^  SET  POINT 


MAX  BTUH  OUTPUT: 
MAX  BTUH  INPUT: 
I# 


z  <PC>0 


y,  ^  9-5-,  <^-0 


GAS  ELECTRIC  [  ]  OTHER  [  ] 


BURNER  MFG.: 
MODEL  NO. 
BURNER  TYPE 


FORCE  AIR 

SEASONAL  SWITCH  OVER:  SUMMER 

WINTER 


OPEN  FLAME  [  ] 


TO 

TO 


CONTROL  MFG.; 


STACK  TEST: 

TEST1 

(PAT  =  '/=^ 

e>A^N  _  X  . 


TEST  2 


LOW  FIRE 

50% 

75% 

HIGH  FIRE 

%02 

n-Y' 

s-e? 

TEMP  (F) 

7  £TO 

CO 

0.3>'A 

a?.  2-X- 

%  EFF 

^1.  ^  /• 

LOW  FIRE 

50% 

75% 

HIGH  FIRE 

%02 

TEMP  (F) 

CO 

%  EFF 

COMMENTS: 

SA^/yJS 


F-20 


BoiLgt^  so(^^'f 

PATE'  _ _ 


6LD6>  NCi  S(f>'1(fi  _ 

0r&<2AT0^  NfirMB  0-jfF>*) 

OF  _ _ — 


^JUIV^6el^  CF  P0MFC$)  HB4rT|N(^.  _ ^ 


! 

pAlPf  OPEf2AT10N^  , 

Nl'iHT  v\ieBKBND  4  HoUDA/ 

<S?Pfi^KA»TIOAj. 

NO.  OF  E>t>IH^ 
ON  -  UNe 

X 

K)0.^PUMP 

ON-  UNI^ 

/ 

^  - - - - - 

• 

BOILek.  5HiJTIX)wM  by  <PC)TS(De: 


No 


reM? 


MCf^^T0l2. 


CAIL7 


ooMMISNT^ 


F-21 


JOB 


3002.000  Ft.  Sill  Central  Plant 


EMC  ENGINEERS,  INC. 

Denver  •  Colorado  Springs  •  Atlanta  •  West  Germany 


SHEET  NO. 


CALCULATED  BY  , 

CHECKED  BY  _ 

SCALE  _ 


vj  ia/ 


OF  . 


DATE  . 
DATE  , 


BOILER  SURVEY  FORM 


^  STEAM  [  ] 


BOILER  MFG.: 

BOILER  TYPE; 

MODEL  NO. 

BOILER’S  CAPACITY:  MAX  BTUH  OUTPUT: 

MAX  BTUH  INPUT; 

BOILER  FUEL:  OIL  [  ]  # _ 


BURNER  MFG.: 
MODEL  NO. 
BURNER  TYPE 


PSI 


LOCATION;  7 

HOT  WATER  [;<] 


26  V  DEG.  F  SET  POINT 


2.  'ZlZjOdO 


Z.  7  79,  OOP 


GAS'M  ^electric;  ]  other  [  ] 


FORCE  AIR  [fi*f  OPEN  FLAME  [  ] 

SEASONAL  SWITCH  OVER:  SUMMER  _ _  TO 

WINTER 


ccr~ 


TO 


CONTROL  MFG.; 


^VT6SrE)g 


/H#  fimno  -L,  Zo 


STACK  TEST: 

TEST1 

TEST  2 


LOW  FIRE 

50% 

75% 

HIGH  FIRE 

%02 

/S-.  Y 

TEMP  (F) 

^IQ 

^SO 

CO 

•  /37/- 

'  /3Z/- 

%  EFF 

_ m/' . 

LOW  FIRE 

50% 

75% 

HIGH  FIRE 

%02 

TEMP  (F) 

CO 

%  EFF 

COMMENTS: 

54-/Kf  74S  5%7(^ 


_  HCT  Bci ueies  ctoM&ric) 


et 

6L  ^2. 


Tervif 

^90 

A-sa 


€>Z 

IS.4  /• 

/. 


/Ay 

^  1>7VP. 


F-22 


EMC  ENGINEERS,  INC. 

Denver  •  Colorado  Springs  •  Atlanta  •  West  Germany 


JOB  _ 

SHEET  NO.  _ 

CALCULATED  BY 

CHECKED  BY  _ 

SCALE  _ 


3002.000  Ft.  Sill  Central  Plant 


BOILER  SURVEY  FORM 


BOILER  MFG.:  URrVA^/9/y^ 

BOILER  TYPE:  STEAM  [  ] 

MODEL  NO. 

BOILER'S  CAPACITY:  MAX  BTUH  OUTPUT: 

MAX  BTUH  INPUT: 

BOILER  FUEL:  OIL  [  ]  # _ 

BURNER  MFG.: 

MODEL  NO. _ 

BURNER  TYPE  FORCE  AIR  [>f 

SEASONAL  SWITCH  OVER:  SUMMER 

WINTER 


^  2_ 


LOCATION:  ^t>  r'S 

HOT  WATER  M  __Z1T_DEG.  F  SET  POINT 


Z,2.-^'2.,O0O 
1.  OOP 

GAS  ELECTRIC  [ 


OPEN  FLAME  [ 


]  OTHER [  ] 


CONTROL  MFG.: 


WINTER  /Per  TO 


STACK  TEST: 

TEST1 

'r 

OAT  ^ 

TEST  2 


LOW  FIRE 

50% 

75% 

HIGH  FIRE 

%02 

_ /S'.  S' 

/z 

TEMP  (F) 

CO 

oy^ 

%  EFF 

TC.C 

— ^ 

■9-3.  3 

LOW  FIRE 

50% 

75% 

HIGH  FIRE 

%02 

TEMP  (F) 

CO 

%EFF 

COMMENTS: 


/9kr  eo/ca^  ^ 


F-23 


Boi  Uc  ^  s oi^ev  f  0 ■ 

6LD6«  Na  pATe 

.Or^/2ATO*^  NAMH  -SA^fty  m  -  C  A  AilJ  _ 

NlUM8*^l^  OP  ^\[B\Us)  ^ _ - 

CF  POMPCS)  H^T|N(^.  _ _ £ _ 


PAIP/  OPERATION^  . 

MUHT  weEJ^ND  4  HotlDAV 

1 

‘i’R^PATIO/V. 

MO.  OF  Bt>|L^ 
ON  -  U\NS 

■ 

. 

f\)0.0p  POMP 
ON-  UNI? 

f 

^ .  . .  ’  ■■■' 

BOlLeK.  5Htn-D0WN 


BV 


dxrrsiDe:  air  t^HP.  ...  . 

_ 'iBS  _ _ _  T^P 


WOAJITOI^. 


1>ML7 


v^eeK^y 


^roMMeWT-S 


F-24 


EMC  ENGINEERS,  INC, 

Denver  •  Colorado  Springs  •  Atlanta  •  West  Germany 


JOB _ : 

SHEET  NO.  _ 

CALCULATED  BY 

CHECKED  BY  _ 

SCALE  _ 


3002.000  Ft.  Sill  Central  Plant 

_  OF  _ 

^ _ DATE  ^hhi 


BOILER  SURVEY  FORM 

BOILER  MFG.:  WTE./1  hJAT/dK'AL  LOCATION: 

BOILER  TYPE:  STEAM  [  j  "‘  _  ^PSI  HOTWATERK] 

MODEL  NO.  //6  3  3 _ 

BOILER'S  CAPACITY:  Mi^  BTUH  OUTPUT:  /  OVD,  ^ _ 

MAX  BTUH  INPUT:  _ _ 

BOILER  FUEL:  OIL  [  1# _  GAS  pcJ  ELECTRIC  [  ) 


BURNER  MFG.:  _ _ 

MODEL  NO.  _  _ 

BURNER  TYPE  FORCE  AIR  jx:] 

SEASONAL  SWITCH  OVER:  SUMMER 

WINTER 


OPEN  FLAME  [  ] 


CONTROL  MFG.: 


_ 

■^^0  DEG.  F  SET  POINT 


OTHER [ 


STACK  TEST: 

TEST  1 

TEST  2 


LOW  FIRE 

50% 

75% 

HIGH  FIRE 

%02 

^./  ‘  ' 

5-.<r 

•7 

TEMP  (F) 

SS'fi' 

S' 

1-OZ. 

CO 

IT 

lA  Frfli 

//f. 

%  EFF 

7^-3  ' 

fS-2. 

73.7 

“low  fIre 

50% 

75%  HIGH  FIRE 

%02 

TEMP  0 

~  CO 

%  EFF 

COMMENTS:  pA-/v£^S  ^  Sr4C/c  T  £M  f.  ^  SOT 

ALB  CAL!  B^A-T-£i>.  PLAA^T  HAS  O^SAT  USSb  1^ 

SBTTiA/6r  PLUS  04S  RAr/0. 


F-25 


EMC  ENGINEERS.  INC, 

Denver  •  Colorado  Springs  •  Atlanta  •  West  Germany 


JOB  _ 

SHEET  NO. 


3002.000  Ft,  Sill  Central  Plant 


CALCULATED  BY  J  \AJ 

CHECKED  BY  _ 

SCALE  _ 


date  2.  /  9/  / 

DATE  _ 


BOILER  SURVEY  FORM 


BOILER  MFG.;  i  Bo 

BOILER  TYPE;  STEAM  [  ]  _ 

MODEL  NO.  II0>35 _ 

BOILER’S  CAPACITY:  MAX  BTUH  OUTPUT: 

MAX  BTUH  INPUT: 

BOILER  FUEL:  OIL  [  ]# _ 

BURNER  MFG.: _ 

MODEL  NO. _ _ 

BURNER  TYPE  FORCE  AIR  |>c] 

SEASONAL  SWITCH  OVER:  SUMMER 

WINTER 


lA/r^iimr/tA/A.L  Boile£.  wo/tK^S  LOCATION:  5^7^ 

5TEAM  [  ]  _ PSI  HOT  WATER  [x]  3^C  DEG.  F  SET  POINT 


1^,  (JTT)^  cHTD 

- ^ - 

ELECTRIC  ( 

OPEN  FLAME!  1 


OTHER  [  ] 


CONTROL  MFG.: 

STACK  TEST; 

^  TEST  1 

<SAT  -  ^ 

TEST  2 


S^ISrtPL 


LOW  FIRE 

50% 

75% 

HIGH  FIRE 

%02 

y 

TEMP  (F) 

500 

CO 

/s 

42  fAW 

%  EFF 

9-8* 

7-S.7~. 

LOW  FIRE 

50% 

75% 

HIGH  FIRE 

%02 

TEMP  (F) 

CO 

%  EFF 

I 

COMMENTS: 


PUMf>5  I  A'  Pfi-^A-LLB  L  All  BoiC£/e.S 


F-26 


JOB 


3002.000  Ft.  Sill  Central  Plant 


EMC  ENGINEERS,  INC. 

Denver  •  Colorado  Springs  •  Atlanta  •  West  Germany 


SHEET  NO. 


OF  . 


CALCULATED  BY 

CHECKED  BY  _ 

SCALE  _ 


O  iV 


DATE  . 
DATE  . 


'hhi. 


BOILER  SURVEY  FORM  M  3 

BOILER  MFG.:  f^B^CUuES  (O.  LOCATION:  ^ H) _ 

BOILER  TYPE:  STEAM  [  ]  _ PSI  HOT  WATER  3  yj-  DEG.  F  SET  POINT 

MODEL  NO.  _ 

BOILER’S  CAPACITY:  MAX  BTUH  OUTPUT:  7,  7^,^ _ 

MAX  BTUH  INPUT:  _ _ 

BOILER  FUEL:  OIL  [  ]# _  GAS  Kl  ELECTRIC  [  ]  OTHER  [  ] 


BURNER  MFG.:  _ 

MODEL  NO. _ 

BURNER  TYPE  FORCE  AIR  [xj  OPEN  FLAME  [  ] 

SEASONAL  SWITCH  OVER:  SUMMER  _  TO 

WINTER  _  TO 


CONTROL  MFG.: 

STACK  TEST: 

TEST1 

OAT=  eof^ 

TEST  2 


COMMENTS:  \>£SI6rA'  7 S’  PS  / 

TMe  4/’  fJTf^VV  COATTfi-OL  i>0BS  A/6T  c>/’ejeAT£, 

Pot  ro  VA/iy  fldw 

Aa/1>  COa/tI^l, 


F-27 


EMC  ENGINEERS.  INC. 

Denver  •  Colorado  Springs  •  Atlanta  •  West  Germany 


JOB  _ 

SHEET  NO.  _ 

CALCULATED  BY 

CHECKED  BY  _ 

SCALE  _ 


3002.000  Ft.  Sill  Central  Plant 


JlA/ 


DATE  ^  j  ^ / Y  ! 
DATE  _ 


BOILER  SURVEY  FORM 

He.kCUL£S  Bd/LEij  LOCAl 


BOILER  MFG.:  l4e.KCUL£S  BC/LB 

BOILER  TYPE:  STEAM  [  ] 

MODEL  NO.  _ 

BOILER’S  CAPACITY:  MAX  BTUH  OUTPUT: 

MAX  BTUH  INPUT: 

BOILER  FUEL:  OIL[  ]# _ 

BURNER  MFG.: 

MODEL  NO. _ 

BURNER  TYPE  FORCE  AIR 

SEASONAL  SWITCH  OVER:  SUMMER 

WINTER 


^  jj  .  / 

'SO/LE/t,  -^4/ 

LOCATION:  5~  _ 

HOT  WATER  [>^  3g5-  DEG.  F  SET  POINT 


7 07),  OOP _ 

GAS  M  ELECTRIC!  ]  OTHER  [ 

"open  FLAME  [  ] 


CONTROL  MFG.: 

STACK  TEST: 

TEST1 

c/^r,^ee:>  '/cr 

TEST  2 


VJEL  L 


LOW  FIRE 

50% 

75% 

HIGH  FIRE 

%02 

12. C 

4-. 7- 

TEMP  (F) 

23/ 

400 

Atlf 

4-40 

CO 

2.^9-/. 

CD.  y» 

%  EFF 

^2. A 

St 

74.  £ 

LOW  FIRE 

50% 

75%  1 

HIGH  FIRE 

%02 

TEMP  (F) 

CO 

%  EFF 

COMMENTS: 


(H-TH^S  /S  \/A^ibO  Ffi-OAA  TO  W/rF  OSA 


F-28 


JOB 


3002.000  Ft.  Sill  Central  Plant 


EMC  ENGINEERS.  INC. 

Denver  •  Colorado  Springs  •  Atlanta  •  West  Germany 


SHEET  NO.  _ _ 

CALCULATED  BY 

CHECKED  BY  _ 

SCALE  _ 


J  M/ 


OF  _ 

n.„  ^hhi 

DATE  _ 


BOILER  SURVEY  FORM 

BOILER  MFG.:  BoUe./^  LOCATION: 

BOILER  TYPE;  STEAM  [  ]  _ PSI  HOT  WATER  W 

MODEL  NO.  TtflY. _ 

BOILER’S  CAPACITY:  MAX  BTUH  OUTPUT:  y  .  _ 

MAX  BTUH  INPUT;  _ 

BOILER  FUEL:  OIL{  ]# _  GAS  ELECTRIC  [  ] 


^9irz> 

320  DEG.  F  SET  POINT 


OTHER  [  ] 


BURNER  MFG.: _ 

MODEL  NO. _ 

BURNER  TYPE  FORCE  AIR.(><3  OPEN  FLAME  [  ] 

SEASONAL  SWITCH  OVER;  SUMMER  _  TO 

WINTER  _  TO 

CONTROL  MFG.;  A _ 


STACK  TEST: 

TEST1 

oA7^  ec>’/=^ 

TEST  2 


LOW  FIRE 

50% 

75% 

HIGH  FIRE 

%02 

g-.2 

0^9 

TEMP  (F) 

3  5'6> 

A-fO 

A-O-O 

^9- _ 

CO 

STS' 

2^^  Pm 

u 

%  EFF 

7AJ 

7-9 

99^  Z 

LOW  FIRE 

50% 

75% 

HIGH  FIRE 

%02 

TEMP  (F) 

CO 

%EFF 

COMMENTS: 


F-29 


EMC  ENGINEERS.  iNC. 

Denver  •  Colorado  Springs  •  Atlanta  •  West  Germany 


JOB  _ 

SHEET  NO.  _ 

CALCULATED  BY 
CHECKED  BY  _ 
SCALE  _ 


3002.000  Ft^  Sill  Central  Plant 

- -  OF  _ _ 

_  DATE 


BOILER  SURVEY  FORM 


BOILER  MFG.:  ! f^TEfll^ATic/^AL  'iOict 

BOILER  TYPE:  STEAM  [  ] 

MODEL  NO.  T  J  ^~C-I0 

BOILER’S  CAPACITY:  MAX  BTUH  OUTPUT: 

MAX  BTUH  INPUT: 

BOILER  FUEL:  OIL  [  ]# _ 

BURNER  MFG.: _ 

MODEL  NO.  -  TJ  I'V*  ^ /Q- _ 

BURNER  TYPE  FORCE  AIR4-^ 

SEASONAL  SWITCH  OVER:  SUMMER 

WINTER 


CONTROL  MFG.: 


IA/TE/i^^ATi6A>AL  BOice:^  WOUKS  LOCATION: 
STEAM  [  ]  _ PSI  HOT  WATER  \X] 


U  ,  2  (}Z>  .  (TSV _ 

GASM  ELECTRIC 

OPEN  FLAME  [  ] 

_ TO 

_ _  TO 

PE  -7 'I.  O  iZl 


OTHER [  ] 


.  F  SET  POINT 


f\rt.  ^ 


STACK  TEST: 

LOW  FIRE 

50% 

75% 

HIGH  FIRE 

%02 

■S'.o 

TEST  1 

TEMP  (F) 

_ 37-/ 

'i>£0 

CO 

<py- 

. . 

O'A 

%  EFF 

S-o.T- 

?t5.gr 

TEST  2 

COMMENTS: 


LOW  FIRE 

50% 

75% 

HIGH  FIRE 

%02 

TEMP  (F) 

CO 

%  EFF 

F-30 


Boiugi^  50i^g>  pQ(«^rM- 

6LD6-  NO  S*70o  PATE" 

or^RPrVD^  name  _ _ 

(DF  /^sS  6  ■ 

^JUIV1&el^  CF  fumpcs)  HB^TlNd-. 


MC?M'T0|2. 


I>ML7  _ V\i^0^L.y 


C£>MM(SMT^ 

<  /<f  rs 


/^c>>)ecs>  /^rg  v^QLiy^/y. 

ap/i9ri  oj  ^0  tiers  /^^fc-d  ^  TWc^^g 

,4.k/7/>.w  /  c57ANAl^y  \6oilc^  _ _ 


F-31 


JOB 


3002.000  Ft.  Sill  Central  Plant 


EMC  ENGINEERS.  INC. 

Denver  •  Colorado  Springs  •  Atlanta  •  West  Germany 

I 


BOILER  SURVEY  FORM  do i Let 

BOILER  MFG.:  Co  LOCATION:  3 

BOILER  TYPE:  STEAM  IT  PSI  HOT  WATER  [  ]  _ DEG.  F  SET  POINT 

MODEL  NO.  6  OS 

BOILER’S  CAPACITY:  MAX  BTUH  OUTPUT:  //  ,  1!  1^  .000 _ 

MAX  BTUH  INPUT:  _ 

BOILER  FUEL:  OIL[  ]# _  GAS  W  ELECTRIC  [  ]  OTHER  [  ) 

BURNER  MFG.: _ _ 

MODEL  NO. _ 

BURNER  TYPE  FORCE  AIR  M-  OPEN  FLAME  [  ] 

SEASONAL  SWITCH  OVER:  SUMMER _ TO  _ 

WINTER  _  TO  _ 

CONTROL  MFG.;  ^  I  ArT _ ^  GP  Z.S^O 


SHEET  NO. 

CALCULATED  BY 

nI  _ 

OF  _ 

DATE 

^1  n  h ! 

CHECKED  BY  _ 

DATE 

SCALE 

STACK  TEST: 

TEST1 

4 2 /-re// 


TEST  2 


LOW  FIRE 

50% 

75% 

HIGH  FIRE 

%02 

/S".2. 

tj 

C  -Si 

TEMP  (F) 

e?-/ 

'iZ’2. 

5.?7 

CO 

0 

0 

0 

0 

%  EFF 

7-7.2. 

?-2.3 

LOW  FIRE 

50% 

75% 

HIGH  FIRE 

%02 

TEMP  (F) 

CO 

%EFF 

COMMENTS: 

--  Low  Fl^E  LJ£E]>5  ^Z>X‘  less  4.//^ 

Safety  values biSTA/ucE  yo  pan  t^o  ^i^eAt 

(Too^  c_ 


-'  'V//v725'^  e>K.  1^2^ 


F-32 


EMC  ENGINEERS.  INC. 

Denver  •  Colorado  Springs  •  Atlanta  *  West  Germany 


JOB _ : 

SHEET  NO.  _ 

CALCULATED  BY 
CHECKED  BY  _ 
SCALE  _ 


3002.000  Ft.  Sill  Central  Plant 


OF  _ 

DATE  i 

.  DATE  _ 


BOILER  SURVEY  FORM 


BOILER  MFG.;  -  SrEAM  P^K 

BOILER  TYPE:  STEAM  KX]  3^  PSI 

MODEL  NO.  S  PL -3  ?■/)-// _  15"  / 

BOILER’S  CAPACITY:  MAX  BTUH  OUTPUT:  y^/A- 

MAX  BTUH  INPUT: _ 

BOILER  FUEL:  OIL  [  ]# _  GAS 


zii  2. 

LOCATION: 

HOT  WATER  [  ]  _ DEG.  F  SET  POINT 

ff,  7-/g-  .^ 

electric;  ]  OTHER  [  ] 


BURNER  MFG.: _ 

MODEL  NO. _ 

BURNER  TYPE  FORCE  AIR 

SEASONAL  SWITCH  OVER:  SUMMER 

WINTER 


OPEN  FLAME 


CONTROL  MFG.: 


hPAJSyiA^ijL. 


STACK  TEST: 

TEST  1 


TEST  2 


LOW  FIRE 

50% 

75% 

HIGH  FIRE 

%02 

/3 

/2.  -7 

//.9 

TEMP  (F) 

ZB  3 

2AO 

CO 

5-7<r 

Z<oop/>/*) 

%  EFF  i 

<so.c 

Vo 

LOW  FIRE 

50% 

75% 

HIGH  FIRE 

%02 

TEMP  (F) 

CO 

%  EFF 

COMMENTS: 


'EMdi^a  PiciLet  #2  i  s/M/Fal  suMyyteA 
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EMC  ENGINEERS.  INC. 

Denver  •  Colorado  Springs  •  Atlanta  •  West  Germany 


JOB  . 

SHEET  NO.  _ 

CALCULATED  BY 

CHECKED  BY  _ 

SCALE  _ 


3002.000  Ft.  Sill  Central  Plant 


J  UV 


BOILER  MFG.:  l 

BOILER  TYPE:  STEAM  K]  _ 

MODEL  NO.  STO  -ICQqS 

BOILER’S  CAPACITY:  MAX  BTUH  OUTPUT: 

MAX  BTUH  INPUT: 

BOILER  FUEL:  OIL  [  ]# _ 


BURNER  MFG.;  _ 

MODEL  NO.  _ 

BURNER  TYPE  FORCE  AIR] 

SEASONAL  SWITCH  OVER: 


BOILER  SURVEY  FORM 

^  LOCAl 

/jT  PSI  HOT\A 


LOCATION:  6?<PO  1 

HOT  WATER  [  ]  _ DEG.  F  SET  POINT 


/  \s~l  006 _ 

electric  n  OTHER  [ 

OPEN  FLAME  [  ] 


SUMMER 

WINTER 


CONTROL  MFG.: 

STACK  TEST: 

TEST1 


LOW  FIRE 

50% 

75% 

HIGH  FIRE 

%02 

2. 

/O 

. . 

TEMP  (F) 

295" 

3/0 

CO 

2.^3  fFV) 

a/  fP/F 

%  EFF 

Jrt?.44 

LOW  FIRE 

50% 

75% 

HIGH  FIRE  1 

TEST  2 


%02 
TEMP  (F) 
CO 
%  EFF 


COMMENTS;  ^  /  » kJ AA  c  c tr  / 1  ^  ^ 

•^L/a//: /tC-£  F£LC  off  (^f  (^i^s  F/HlA/fr-  VL~0^^ 

^  A/C^,  )  FiC  A'O.J  C/ Ba/t-  , 


I 
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Boiuet^  soC^/er 

6LD6'  ^  _  PATI5'  _a2 — ^( . 

Or&dPrVO^  NAMB  <Qg^V‘6  ^ _ 

©r  B^lLBl^)  _  '3 _ ^ _ 

fSjUIMBe/'^  «>F  POm?C$)  HB4T|N(f.  _ _ ^  _ 


tv)i<;HT  weel^^JD  4  HOUDAV 
cPp^R/VnOAy. 


S^ne 

£  £' 


BOILER  COMBUSTION  EFFICEINCY  TABLE 
FOR  NATUARAL  GAS 
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Table  B.l  COMBUSTION  EFFICIENCY  TABLES  FOR  NATURAL  GAS 


Q  co=t*c\jocQco=rrocnr-=r--.aD=rci>r'rjoocnr-cuLr)coo(\j  c\j  ^  cn  =><  co  cd 

— n  .  . . 

Q  C3  CD  zz  31  cn  CD  Cl  CQ  CO  oo  CO  co  co  LO  LO  zr  cn  c\j  r\j  »—»  cd  cd  lq  rr*  rvj 

=ra3coooor-r-r--r--r-r-r-i-r-r-r-r-r-r-f-r-r-i-r-r-i-f-cDcr,coSco 


L»~QOOcoLnrn--'cr)r-rrc\jcn(j3=rcDr-cTic3CJD^uD--*LncDrozrcoco(0=rcD=ru-) 
Ljj=r  QOcnco3:5cn(^r-r-r-r-r-r-r-r-r-r-r-f-r-r--r-r-r-^r^^SScoSS 

Q 


Q  CD  cnr-uim^air->=i-cxjaiaDrocDcQcncn=roLncDcncDcncD— . 


cn  LD  o  oj 


UJ  _rt'^CDCD^CDCDCDciaicnQocncooor^r^cocQcaLnzrrfCTirjf\j-— •CDcor^tO’^ 

CiZ^  0OQococc2DCDr-r-r-r-r-r-r-r-r-r-r-r--r-r-r-r-r-*r-r-r-r^StO(o5 


CO 

cn 

CD 


c\j— .cDr^^oco  — 'Cr:r--rrr\jcncomcncoojaomcocor^CDmLntocD=r— ^coco 

<^^CDC20ciciCDcDcnGncococor^r^r^aDcoLOL/i=rz:t»onf\j^cDCDCC)cjiD=3M 
oo  oo  CO  CO  CO  oo  p~-  co  co  co  co 

Lncri^c^coco:3^c\-air^Lr>c\jcncoojcnLn^aDOJcocD=j^r^cD  cd  cd  oi  co  f\j  =r 

— '“^CDCDCDaicnoicncococor^r^r^cDCDLnLncrcnrjpj-^cnaor^Ln 

cococQCD:ocococo,'^r-r^r-r--r-r^r-^r-r^r-r>r^r-r^r^r^r^r^(j3co^c^ 

r-tn=j^r\-CDcoco=rc\jor-uDc\jcDLnc\icD=rOLno=j^cxDr^mLOLO=j^c\jr^^ 

— •CDCDOocDCDCDaioooooor^r--r^aDaDLn=i<=j*mcvj»— •ooir-co 

coooooc3cooocococooor^r-r^r^r^r>-r*-r^r^r^r-r~r^r^r^f^r^r^cococo 

cnr-coo-no  —  CDr-LncMCDr-Lnc\jooLn  —  ODoicnzrQOojLncncncDcnr-CTir^ 

^  ^  , — I  — ^  ^  CD  O  CD  CD  CD  CD  CD  CD  OOOQCDr^r^COtDLnLnia^rr)  C\J  C\J  CD  cn  co  CD 
oo  oo  CO  CO  CO  CO  oo  CO  CO  oo  oo  f  r~”  r*^  co  co  co 


cn 

on 


L  .J  OO  CO  L/1  CFl 


cn  r-  LO  CO  CD  r-  LO 


r^c\jr^c\jcocD(\j=ruiLncTicncn 


OJ  OJ  — »  *— H  CD  d  Cd  CD  CD  CD  CD  CD  OO  OO  C30  O^  CD  CO  1/1  =r*  CO  f\J  ^  CD  OO 

CO  CO  CO  CO  CO  QQ  CO  CO  QO  CO  OO  GO  p^  p^  p—  p^  p^  p«-  p^  p^  lo  cd 


CQ  CVl  O  CD  Lfl  zrCAJCDOOLDCnCDr —  3^^C03*OCD— ^COOZTLDOICDCDOO  LO  CD 

c\jr6c\j»--«»— *(iDoacDCDCDcnoQcbcor^p^cocoLnzrrQCTiojci)CDp^ 

OO  oo  oo  CO  CO  oo  oo  CO  CO  oo  oo  oo  oo  p^  p***  p^  p^  p^  p^  p^  t  o  r  o 

Lri=r'cn^aiooco=xc\jcDQocofQCDr^=i«»-*r^fncDi/iai=t*cQir-<cri=r'LO=r*--^to 

^c\jc\jf\j-— ^  —  — .  — ‘CDCDCDCDcncncDaDcnp^r-cDcomLorrcnrNJ  —  cicD 

oQQQcococoQQaDcocoaDcoaDoocop^r*-p^p^p^f^r^r^p-r^r^f^r>-. 


Ln=rc\jocoLncncDr^=r 


CO  3*  O  CD 


cn 


U-Jq  oocDLOcnrvjcDcor-Lncn^aDtDcncDf^=f^r-'Cr)QooQGor\jLncocDCDCDCDOj 

Q—  — t-<  . . 

'SZ  cu  OJ  OJ  ou  OJ  c\j  •—*  T—i  r-i  T--t  r—i  CD  CD  o  (Z3cncDCDOOGQr^r^cDLDi/izj*fncn*— laoi 
1 1  I  '•''cocooooocDoocooooooooocooocooor^p-p-p^p^p-p^r^r^p^p-r^p^r-i —  co 

I — 

O  cDzT*ro  — <cni  LOcr)^cncDcr)CDp“=rcDCDOjp^c\jcocDOJ:3«Lr)=rojcr3 

^ro . .  . . 

- •  —  — 'CDCDCDCDCDCnCDCOCOr^P-tOUOLnri^CnoJ— ^oi 

^o3QQooaDcococococooDOQQQQoaDQQQQQOP-r-»r^p-p-r^r^p-r^j —  , — 


LlJ  q  OJ^CDCOCDl/lCnOJCDQOCOrJ^ 

'■""^  pv  I  •  •  ••••••••■■ 

I  ^  ^  nn  on  m  ntm  n»  ni  nt  _ _  _ _  __ 


CDCDCYlOP-fOCDLQ 


COO=J*r^CDCDCDOO=f 


^cncnojojojojodojoj— r-.^cDCDaocDCDCDQooor-p^tDLn^=j^fnr-*cD 
^  ooQococDcooooococoooooQOCocooocoaDi —  1 —  p^p^p^r^r^r^r^r^p^p-r-r^ 


Q  =rcr)^CDCDr^cD=rrvjcDOOCD=rc\jcncDrrop-cncD=3<o=rco  ^  =r  lo  to  zr  cd 

^  oQcncnairvjojcviojrvjoj— 1^,— iCDOCDocDCDcnoocor^co  cd.uq  =i^  cn  oj 
^'^aoc}Doococooocoooa3oooocooQCDoooaoooop^r-r^p-p^r^p^r^r>-p-r^r^r^ 

^  coL/iojor^rr  —  cocDcocDp^rrcxjcDcocQap^Lnrvjoicocn^ooLnojair^zr 

_4  ^  ^  ^  CD  CD  Ol  CD  CD  CD  GO  OOCOi  P^P^I  COCDCOUni/lLDLO  ZT'  rj*  rj*  CQ  CQ  CQ  . 


^  CDLnCDLDOLOCDLnOLOCDLnOL/lCdUlOLnCDLnai/ieil/lOLOCDUlCOLnCD 
CDCD»--i^cMc\jcnmzr=rLnLncjDCiDP--r^coGOcnaicDCD^r-^ojr\jcTicri=r=rLn 


cn  FT  CHOJI/ICDUIt— tCDCH— 'Ln»— ■CDCDCQCnCDaiT— tnnOifr>nnr^r«>-| —  OOQLOLnrMCn 

LU  . . . . 

f  \  I  I  cDf^i=**t^cnc\iLr>aD*— •rroo— •Loa^rcDui*— ip^rr'T-'CDQOoocDrviui^cDCDn* 

X  —  PVic^JC\jcr)cn=j<=r=rincouDr-ooaDcncD— •cnza^oDP^ocM 

1 1  I  LJ—  ^  ^  ^  — I  CVJ  CM 
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oo  LD  ru  cn  CO  on 


r-  r- 
r-- 


CO  CQ  CO  LO  LO  U'i 

f — 


coun— .r-cncr>ojr-^=i*r^i 
=3*=i"=i^ononojc\i— .T-iocn 


cn^^r-^cntoojcor^Loo 

^^r^LO:^CnojOCQCQ=i^ 

COCOCDtOLOCOCDCOLOLOLn 


'^^‘^^cnLncxjoDzT'ocD— *030^00-— cniDLounzy— *0^ _ •  rj  ■  i 


r-  r- 


CQ  CO  CO  un  cn 
r- 


cnzrzrzrcnonojcNi— *oo 


cncx3r-coLOr3*r\j^CDr^rr 
cococoLQcocococoLoun  cn 


f\J  o  I —  ^T* 


r-  r-  r-- 
r-  r-* 


r-  r--  CO  CO  CO  Lo  ! 

; 


.i--oncn=rcncnoo— .=i^r-cna>cncocor\jcooor-cn 

^  ^  ^  ^  ^  ^  r^  Lo 

r--r^r-r^r^r>-r--r^r^i^r-coaDcocQcocococoLnLnLn 


CO  I 

r-  I 


'“^^rcocorvir^cMr^— ‘LOCO 
cococo-TLnLOzT:3*cncnf\jc\j<^o 

r^r-r^r-r>-r-r--r>-r^r-r^r«-r^p^ 


r^cnrv.cncoroococncDLncoLnaz^'coro 


-^cvizrrron^r--— .cncncj^ 

ocncor^c£)LncT-)c\jcDQOLn 

r^COCOLDCOCDCDCOCOLDin 


rfcocDoor^LDojcocncT^un 


cn  oo 
r-  r-> 


CO  CO  CO 
f — 


coLnun=r=r:o^mcoc\j— • 
r^r^i  r-r^r-r-r^r-r-r^ 


ocnoor^coLOzT'cNjoooco 

r-cococDtotocococQLnLn 


iCT^r^z3Tjcncomcncocvjcoonoocnooc\jLnQOO(\j(\jfMQr^ojLnLnc\i 


CX3  CO  03 

r-  r-* 


1 —  CO  CO 

r-  r-  I —  r-- 


coLnuoLnzj-zrcncncMCNj^ 

r^r^r-r^r^r^r^r^r-r^r- 


o  o  pi  oo  CO  a*  m  •— •  cj) 
r^f^CDCOLOCOCDCOCOLDLO 


c\i  CJ)  r-  a* 


LD  CM  oo  LO 


cO'~'Lncr)CMoT'cocotOLOc\jr^cD 


CD  oo  oo 
r-  O' 


OQ  CD 

p- 


i^iPl£’H^^^=^^^^^-*C3cnaor-cDu-)cncMar- 

p-r-r-r-p-r-r^r-p-r-r-r^r^cDcoLOcococococoLo 


CM  CJJ  P-  =1^ 


p-mcj)Lnoa'Cj)CMcocQa 


I  OT)  P-  CM  CO  LO 


CD  CD  03 
P-  P-  P- 


CO  OO  p-  I —  p^  r-* 
p-  p'  p-  p-  p-  p- 


c3cocoLOuna*aacnc\jCM»— 'CoocncocoLOacMcoco 

P^P^P^P-P^P^P-P^P-'P--P-P'CQtDCOCOCOCOCOLn 


CO  —  CDcoa'CMCDcozr  —  p-.=rcococMcocnoocMCDcncM=r'iOLOzrcMP^— ♦co  — 
cnCT)QooocDQ3P-p^p-p-cococoLOLO=**a«cncncM— ir-iacDcop-coafn^m 

r^p--p-p-p-p-p-p-p-.r-p-p-p-p-p-p^P-p-p-r^r«-p-p^t£3tr3Q3(j3Q-)^^Lj-j 

Lncn-— cnr^=rcMcncomc3p-oncnLnT-.co^coc3cocooocncDCDcocnp-cDr^ 
r^p^r-p-r-r-(^p-r-P-p.p.|^P-r-p^r-r^r-r-r^r-p.tDcoSSSc2coS 


CDP-a<c\JCDcofnc3cocMQOa‘CDa*cDcnp^C3CMfoa*cnV 


CO  CM  LO  a* 


CM 

■ 

• 

ISO 

CJ 

m 

CM 

CD 

cn 

CO 

QZ 

U_J 

C-J 

^=^ 

X 

lU 

cn 

— h*  S’  ^  ^  ^  ^  ^  QQ  P*^  P^  P-  p^  CO  CO  LO  LT)-  a^a^CncOCMCM— ♦OCDGOP'-LOa*  CM  C3 

=T  r- r- r- r- r- r- r- r- I- r- r- r- r- f- r- r- I- r- r- r- r- I- r- r- CO  cp  CO  CD  S  S  5 

Qcnp«-LOcn  —  cjp-a*  —  CDCOCMCDLO— *p-cnoocMr^coa<tocDcoo3co<r)oo— ‘CO 
^  S’S’S’S’S’2?£?^5°^^^^^^LnLn=ra^rocncM  —  ocnoop^corrcr)^ 

zi^r-p-r-r-r-r-p.p.r-p-P.r-p.p>r-p^p-p.r-r-r-r-p.^SScDSSSaD 

Q  -^coootoa-— cnr-a-  —  cxaLocMooa^aco-tcooa^r-oojonco— «cocncop- 
SSSSS}S?S?S£S2SP‘^^^^^^^'^=^=^^f^f^»^c3cDCDtoincn^ 

=J^a3oor-p-p^p^r-P-r^r-p-p.p.p^p.r-p-p-p.p.p-p.r^r-p-coSJ5c3SS 

Q  =rPvjc30C3co=rcMCDp-a*— *0010  —  p-cncDzrcnaQo— la^top-r^cocncncMcr) 

^  S22S’S’S’S’^'’^^°°‘  p^p^tocoLOtnaacncncMf-JcDCDoop^Lna^CM 
=r  ooa3oop-p-p-r-p.r-p-p-p-p.p-r-p-P-p-p-p-p.p^p-p.p-cocoaDcococo 


coLocMcop-a'  —  cocoroop-a’CMcncocoor^LOCMCDcoco— •ooLDCMcnr^a* 

^  ^  ^  CO  O  O  CT)  Cn  CD  CD  oo  OOCDP^P^P-P-CjOCOCDLOLDLOLn  ZT  ZJ*  33*  CH  CO  CO 

LO  CD  LOCOLDCDLOaLnOLnamCDLnCDLOCDLnCD 

ocD^^cMc\jcncna*a*LnLncocop^r^oooocDcnaco«-n*~if\jrMcncna*aiLn 
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cnor^:=roj —  cmcnLO 
rrzroTCDcoojrvj’-^— ^ 


aDCD=rr^OfnzrLOCDuncno(jDcr) 


rr  zr  o  j  CD  CO  c\j  r\j’-~*‘^»-^ocDcncr)cor^i —  UDLr)zTCDf\j^ococQior»-^r-^r»-^ 

r-r~r-r~r'r^r-r'r-r--r'r-uDU3cou3c£)tocotocr3u3<iDioSnSuoLnSj: 

unc\jCDCOfDcDUDc\jcx?rDcnzrcncDr^— *zT<-ocDcncncDr-zrcDrrcDtorr»roi 

•  •  •  *  •  •  •  •  •  •  . .  . . — 'VWV— 

r^r--r^r--r-r-r-r--r--r-r-r-ciDC£Dc£icDUDaDcr>cDtocncQtoinLnLnunLnS: 


r-LonjcnLnrvjcoLOCDcof\jr-(AJcoozi*r^oc\jcn 


cDcn^cDLOcn^^cocxj 


^  ^  ^  £1?  ^  £y  r\jr\j»  i»  'C3CDcncnGor^r^cxDLnzTroc\jocr)r^coz3'r--^rni 

r--r-(^r--r^r--r--r-r-r-r-.r-r^coa:icocjDa:>cocococ3cotiDLnLjTLn?iLnS 


r^r^r^r--r^r-r-r-r-r>-r^r->r-(r3(j3CDciDCiDt£>cocococ£3coLnLnLnLnLr)zr^ 
r^cna:)roc=jr-=:i«c=Dc£>c\jr^cDcc>oacocD=j*<xicoo--»^ocQ=i^cn^rvjcD=t'=r 
r-r^Pw(^P>.r--r-r-r->r-r-r-r-r-.coaDtoaDcococococnLO(OLnLnLnLnSS 
:^f\jC7)cocDOcoc\Jcn=r'am^Loozrr-ac\i=fLOLn=r'f\jcocDr^r^(jDO^ 
r-r^r--r^r-f^f--r-r--r^r--r-r^r^r^aDcocDtD(jQCDcjDcoi£)cDLnLnu-)Lr)Lr)zr 
r-zr  —  coLDOjcnLO— p-cDCDzroocnr-cDCDCiDoocDcnooiofDoo  pj  CD— icor- 

i£^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  CD  CO  r^  CO  Lo  zr  CD  CM  — •  cd  cd  co  zr  •— <  co 

r~r--r-r-r^r^r^r^r^r--r^r^r^r^r^cncocDcocDcocococDcoLnLnLOLnLn^ 


'  OQ  =3^  CZ)  CD 


CO  <  CO  CD  =1"  r^  cn 


CDCDPJ-^OOCDI —  OOr-fD; 


r-r-r-r-r-r-f^r^r-r-r-r^r-r^r^r-cDCDcDcocjotocotoc£)CDLnLnSin: 


•-^cococDCDr-zrcDr-cDCDzrcDzrcncnr^ocoLncor-QOLnrjooojrDCDCD 

^£21£^£P£!^F=^=^‘^*^^^^’^CDc3CDCDcor^coir)zrfDruocDr--’LnrJ( 

r-r^r-r-r-r^p-r-r-r^r--r^r-r--r--r-cocococDcocococouDCDLnLOLnLn, 


fo^GQUDrr)CDcom(znLn^r-cvir--c>jcocD=s*cQcr)CDT--i^cnr--CDr-cnoQLni 

r^r-r-r^r-r-r-r-r--r-r^r^r-r'r-r-r-cococococototniiDtiDLOLnmLni 


cQcD--'COLnf\jcDcopjQa=:j^cDLncDLnar3*r-ac\Jzi^LnLn=±'.— •r-c\j=t«=j«r-. 
^  ^  i  *^^^f^f^*^r^r^r^r--r-r^cococ£icoc£3couDcococDLnLr)Lni 


CO  CO  (D  CD  GO  LD 


CD  oo  CO  CD  r- 


zrcDoocncDoococvii —  cdcdi — 


r-r~r'r'r>-(--f^r~-r-r-r~r-r-r-r'r'r~r-cocDCDcDcototDcoSuiinSi 


CD  GO  LO  CO  a  =j* 


=^CDco— ^r-«cQOzi<r^Qc\iCocnf\jor^c\jLnLn( 


r;-cDcoaDcoLOLOLO=j-=^=r'cDCDcviPj--»— iocncnoop-coLn=j"Od^mr^Lnrvj 

r-.r-r-r-f^r-r^r^r-r-r-^r-r-r-r-r-r-r-tocoSSSSSc^SSC^tDSi 

rvJCpOOLOCVJCDI  CDOCOCDOOzrCDLOCDZTr - 'CDLOr-P-r^LOCVir^CD— ‘CnCD 

!^!^J5J2J2££!£^y2ii?=^'=^^^^^^^^QcnQDr-“a3UDza^cn^c5oDLncn 

r^r^r-r^r^r^r-r^r-r^r^r'r-r^r-r^r^r^P^t£3^r3c£3tD<ocotococDLntDLn 

coLOCvicDr^zr— •cococncDr-zrcvicncacDCDp-LncMcncocD— *cotnc\jcnr^=3* 
‘^•^'^CDOCDCDCDai  cj)  oococar^r^r^r^cocotOLnLninLn  zr  zr  zr  cn  cn  cn 


^  cDtncDLncDtncDLncDLncDLncDLncDLnoLOCDLnoLncDmoLnainoLOCD 

(53  .cvicxjoDcnzrzrLnLOcjDcor^r^cooocncncDCD-^-^  oj^ru  cn  cn  zr  in 


rr  ^  ^  or^  m  »“»  CD  a  — •  m  »—»  co  co  cno^cDcor— tcncxjcocxar^r^i —  q  go  lo  ld  cvj 
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usage  of  existing  facilities. 


16.  PROVISIONS  FOR  HANDICAPPED.  In  accordance  with  PL90-480, 
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FOROFnciAl.  iipp  0-1  V 


rxoriotirc  analysis  (t:c:rp) 


Locatioa:  Fort  Sill,  Oklahoma 


jry  1982 


Pro j ec t :  34/^2  Central  HeatinR  Plant  Addition 


Project  No.  B40o~T497 


Economic  Life 


25  ’’Yrs.  Date  Prepared  17  Uov  19.79  Prepared  ByC. Robert  Scruggs 


COSTS 


;1.  Non-rccurring  Initial  Capital  Costs. 


a  - 

CUE 

$ 

1,941,100.- 

b. 

Design 

$ 

104,641. 

c. 

Salvage 

$ 

1,512. 

d. 

Total 

(-) 

$  2,04A,229. 


BENEFITS 

2.  Recurring  Benefit/Cost  Differential  Other  Than  Energy 

a.  Annual  Labor  Decrease  (-P)/  Increase  (-) 

b.  Annual  Material  Decrease  (4-)/  Increase  (-) 

c.  Ocher  Annual  Decrease  (+)  /increase  (-) 

d.  Total  Costs 

e.  10%  Discount  Factor 

f .  Discounted  Recurring  Cost  (d  x  e) 


4. 

5. 

6. 

7. 

8. 

9. 


136,390.  /Yr.  (+) 

(+) 


$ 

91 

/Yr 

$ 

TYr 

$ 

164 , 

^  76. 

"TVr 

_ 5L 

■524.. 

3. 


Recurring  Energy  Benefit/Costs 
a.  Type  of  Fuel  Electricity 


(1)  Annual  Energy  Decrease  (+)/  Increase  (-) 

(2)  Cost  per  MBTU 

(3)  Annual  Dollar  Decrease/Increase  ((l)x(2)) 

(4)  Differential  Escalation  Rate  (  7  %)  Factor 

(5)  Discounted  Dollar  Decrcase/Increase  ((3)x(4)) 

b.  Type  of  Fuel  Electric  Demand  _ 

(1)  Annual  Energy  Decrease  (4-)/  Increase  (-) 

(2)  Cost  per  MBTU 

(3)  Annual  Dollar  Decrease/Increase  ((l)x(2)) 

(4)  Differential  Escalation  Rate  (  7  %)  Factor 

(5)  Discounted  Dollar  Decrease/Increase  ((3)x(4)) 

c.  Type  of  Fuel  Natural  Gas _ 

.  (1)  Annual  Energy  Decrease  (4-)/  Increase  (-) 

.  (2)  Cost  per  FbTU 

(3)  Annual  Dollar  Decrease/increase  ((l)x(2)) 

(4)  Differential  Escalation  Rate  (  g  %)  Factor 

(5)  Discounted  Dollar  Decrease/Increase  ({3)x(4)) 

d.  Type  of  Fuel _ - _ _ 

(1)  Annual  Energy  Decrease  (4-)/  Increase  (-*) 

(2)  Cost  per  FffiTU 

(3) .  Annual  Dollar  Decrcase/Increase  ((l)x(2)) 

(4)  Differential  Escalation  Rate  ( _ %) 


MBTU 


(5)  Discounted  Dollar  Decrease/Increase  ((3x(4)) 
e.  Discounted  Energy  Benefits  (3a  (5)4-35 (5)4-3c  (5)  4-3d  (.5) 
Total  Benefits  (Sum  2.f  4-  3e) 

Discounted  Benefit/Cost  Ratio  (Line  4  -J  Line  Id) 

Total  Annual  Energy  Savings  3a  (l)-h3b  (1)-P3c (l)-43d  (1) 

E/C  Ratio  (Line  6  (Line  la/l-,000)) 

Anntial  $  Savings  (2d43a (3)-P3b  (3)4-3c (3)4-3cI  (3) 

Payback  Period  ((Line  la  -  Salvage)  “  Line  8 


$ 

2,07-  /MBTU 

$ 

u 

>< 

f-n 

o^ 

tn 

(-) 

■  18,049 

$ 

71,203. 

(-) 

n/a  mbtu 

$ 

/Hbtu 

$ 

/Yr. 

$ 

69,086.  MBTU 

(+) 

T 

2.12  mbtu 

$_ 

U6,f,62.  /Yr. 

(+) 

20.050  ■ 

"T 

7,Q16^S61 

(+i 

MBTU 

T 

MBTU 

$_ 

/Yr: 

- 

$“ 

- 

$  2,863,360. 

$  4.428.972. 

’  ’  .  2.2 


67,130.  MBTU 
34 . 6 


$  306,693. 


6.3 


YEAR 
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ECONOMIC  ANALYSIS  (CONT.) 


Ho(t-recLir  ring  Initial.  C;ipLtal  Coctr. : 


Construction 

$ 

1,463,822. 

1 

'  SIOH  0  5  %  •  . 

$ 

'  72,191: 

Unescalated 

$ 

1,516,013. 

eWE  (Escalated  to  End  FY  82  ): 

$  1516013  X  1.07  X  1.065  X  1.06  x  1-06 

$_ 

1,941,100. 

(Entered  on  Line  l,a,) 

Unescalated  Desisn  @  6  %  of  Construction; 

.06  X  $  1,443.822: 

$... 

86,629. 

DesiKu  (Escalated  to  End  FY  81  ): 

$  86,620.  X  1.07  X  1.065  x  1-06  x 

$_ 

106,641. 

(Entered  on  Line  l.b.) 

Salvaged  value  of  removed  equipment: 

Salvage  value  (Escalated  to  End  FY  82  ) : 

$  1,200.  x  1.064  X  1.062  X  1.056  x  1.056 

$ 

1,200. 

=3 

$_ 

1.512. 

(Entered  on  Line  l.c.) 

Recurring  Benefit  (+)/Cost  (— )  Differential  Other 
Than  Energy: 

Labor  (Lfnescalated) 

Labor  (Escalated  to  End  FY  82  ) 

$  108.240.x  1.064  x  1.062  x  1.056  x  1.056 

$ 

108.240. 

o 

$_ 

136,390. 

_ ^(+) 

(Entered  on  Line  2. a.) 

Materials  (Unescalated) 

$ 

22.051 . 

( ) 

Materials  (Escalated  to  End  FY  82  ) : 

$  22,051.  X  1.064  X  1.062  x  1.056  x  1.056 

$_ 

27,786. • 

_ ^C+) 

(Entered  on  Line  2.b.) 

Recurring  Energy  Benefits  (+) /Costs  (-) : 
a.  Electric  Energy:  ((-)  219,047 x  8700  BTU/lO/ll) 

1,906.  ■•( 

-3  MBTD 

(Entered  on  Line  3.a-(l)-) 

$  Cost/HBTU 

S  Co.st/ilBTU  (Escalated  to  End  FY  82  ); 

$  1.207  X  1.16  X  1.16  X  1.13  X  1.13 

$_ 

1.207 

_ /HBTU 

$_ 

2.07 

_ /MBTU 

(Entered  on  Line  3.2. (2).) 

• 

b.  Demand  Charge  Reduction: 

MBTU  Saved: 

Annual  Dollar  Saving 

Annual  Dollar  Saving  (Escalated  to  End  FY  82 

$. 

Negligible 

_ /Yr. 

): 

$  -  X  1-16  X  1-16  X  1-13  X  1-13 

$. 

- 

(F:ntered  on  Line  3.b.(3).) 

c.'  Natural  Gas;  (65.175  HCF  x  1060  BTU/CF) 

fiBTU  Saved 

(Entered  on  Line  3.c.(l).) 

$  Cosc/HETU 

$  Cor.t/MBTU  (Escalated  to  End  FY  ); 

S  1.231 -X  1.15  X  1-15  X  1-16  x  1-16 

■69,086. 

_ MBTU 

$. 

1.231 

_/MBTU 

$. 

2.12 

_/HBTU 

(Entered  on  Line  3.c.(2).) 
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ABRKk-VIATIONS 


DENOTATION 


K 

M 

KBII 

MBH 

MBTU/YR.  (orMBO/YR) 
CF 

GAL 

Klffl 


KILO  (10^) 

MEGA  (10^) 

1000  BTU/IIR. 
mega  BTU/HR. 

MEGA  BTU/YEAR 
CUBIC  FEET 

GALLON 

KILO  WATT  HOURS 


FUEL 


COST  OF  FUEL 


@  FT. SILL- 


NATURi\L  GAS 
(JAN  ’78) 

FUEL  OIL  //2 
(JUL  *78) 

COAL 

(APR  '  78) 


ELECTRICITY 
(SEPT  '78) 

ENERGY  CHARGES 


$1.305/KCF 
$0. 3789/GAL 

$40. 75/TON 


e  SOURCE 


$1.23I/MBU 

$2.732/MBU 

$1.658/MBU 


REMARKS 


RE:  ARKLA  GAS  COMPANY  0  1060  BTU/CF. 

RE:  KERR-McGEE  COMPANY  *1  DISTIL.  F.O. 

0  138,700  BTU/GAL. 

RE:  ASSOCIATED  PRODUCERS  COMPANY 
@  13,478  BTU/LB  OR  26.956  MBU/TOH 
*1  USE:  24.58  MBU/TON 

RE:  PUBLIC  SERVICE  CO.  OF  OKLA.  &  SOTA 

25%  HYDRO-ELEC.  @  $0.002/KHH  TO 

4.877  HKlffl  +  $0. 003/KWH  ALL  OVER  4.877  MKWH 


75%  FOSSIL  FUEL  @  $0. 01338/KWH: 
25%  0  $0,002  =■  $0.0005 

75%  0  $0.01338  =  $0.0100 


$0.0105/Klffl 


$0. 0105/KWH 


$1.207/MBU 


$3.076/MBU 


$0. 0105/KWH  (75%  x  11,600  BTU/KWH  *2) 

+  (25%, X  0  BTU/KWH  (HYDRO-ELEC.)  » 

$0.0105  X  8700  =  $1.207/MBU  (0  SOURCE) 

FROM  8700  BTU/KWH  TO  3414  BTU/KITH  (@FT.SILL) 
2.548  X  $1,207  =  $3.076/MBU  (0  FT.  SILL) 


DEIL5ND  CHARGES 

$1.60/KW 


RE:  PUBLIC  SERVICE  CO.  OF  OKLA. 
MINIMOM  MONTHLY  CHARGE  BASED  ON 
32,500  107  X  $1.60  =  $52,000 


■  RE:  ECIP 

For  this  report,  we  have  taken  the  rcconmended  11,600  BTU/KWH  as  given  by  the  ECIP 
Guidance  (DAEN-FEU,  7  Nov.  1977)  for  Source  Energy  and  derated  It  25%  or  8700  BTU/KWH 
because  of  the  advantages  Ft.  Sill  is  receiving  front  hydroelectric  generation. 
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ECONOMIC  ANALYSIS  BACK-UP 


SCHEDULE  OF  BUGS  &  LOADS 


r.T.ASS  AREA 

TOT.  HTG 

MBH  (ea) 

LOADS 

HTG  MBH 

a 

BUILDING 

S.F* (ea) 

S.F.  (Tot) 

INSTALLED 

DESIGN 

INSTALLED 

DESIGN 

21 

3400  Bks 

2627 

55167. 

2.879 

1.256 

60.459 

26.376 

2 

2470-71  Bks 

2902 

5804. 

4.800 

1.610 

9.600 

3.220 

1 

3444  Gym 

1.200 

2.045 

1.200 

2.045 

TOTALS 

60971.  *1 

71.259 

31:641 

2.  Reduction  in  Load  due  to  storm  windows  added; 

60971  SF  Glass  x  40  BTU/(H)(SF)  *2 
New  Total  Estimated  Load 


2.439 

29.202  MBH 


Higher  efficiencies  can  be  maintained  with  new  boilers  in  a  C.E.P.  than  presently 
exists  with  24  individual,  older, gas-fired  boilers  serving  24  bldgs. 

Efficiencies  of  boilers  are  taken  from  an  average  of  those  listed  herein;  reference 
being  made  to  "Tuning  for  Maximum  Efficiency"  (by  Elzy  Nichols  Industrial  Gas  Publl 

cation;  dated  April  1978).  The  author  states:  "Older  boilers  often  have  an 

efficiency  of  70%,  but  for  most  of  them  55%  is  tops - .  Five  to  ten  percent  i 

crease  can  be  effected  on  older  units  by  repairing,  cleaning  &  closing  up  cracks 

and  holes,  but  they  cannot  be  brought  to  the  level  of  a  new  boiler. 

In  our  judgement  from  field  survey  of  these  facilities,  most  boilers  are  of  the 
older  type.  There  are  some  that  have  been  renovated  w/controls,  refractories, 
linkages,  etc.,  which  would  increase  these  efficiencies  to  that  refered  above  if 
they  were  maintained  properly. 

For  this  study  the  average. maintained,  peak  efficiency  Is  conservatively  estimated 
at  60%  for  existing  boilers. 


A.  71.259  MBH  x  0.60 


-  A2.753  MBH  (Exist.) 


5.  Boiler  Over sizing  to  Loads: 

A2.755  M  -  29.202  M 
29.202  M 


6. 


46.4%  Oversized 

202  MBH  X  2899  DP  x  24  Hrs  |  (.85)  (1.89)  *3 


52°F  X  0.60 

With  higher  efficiencies  from  new  boilers  matching  boilers  to  Load. 

[  29.202  FiBH  X  2899  x  24 - (1.36) 

^  L  52  F  X  .70  »’4  J 

TOTAL  E  lltg  Saved 


104.620.  MBTU/Yr. 


56,459.  MBTU/Yr. 


48,161.  MBTU/Yr. 


*4 

*3 

*2 

*1 


Re:  International  Boiler  Co.  Efficiencies 

Re:  ASHRAE  *76,  S-43.8  TAB  3  (By  Interpolation) 


Re:  Calculations,  (p^ga  10  &  11 
Glass  Area  for  Bldgs  w/Storm  Windows 


added  in  FY  *79. 
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Higher  efficiencies  for  domestic  hot  water  can  be  maintained  with  new  boilers 
in  a  C.E.P.  than  presently  exists.  (Ref.  to  comments  in  "A."  above). 


"B" 


Consumption  Estimate 

Domestic  HW  (140°F): 


21  Bks  @  190  peop/Bldg  +  (2  Bks  0  210) 

4^410  peop  X  3.8  GPH/person  (Max)  *1 

16,758  GPH  x  8.33  x  80°Rise 
4,410  X  13.1  GPD/person  *1  x  365  day/yr 
21.086  M  X  8.33  X  (140°  -  60°) 

Kitchen  HH  (140^F): 

4,410  peop  X  2.5  meals/day  (Av'g)  x  75%  Div. 
8,269  X  1.5  GPH/meal  (Max)  *1 
12,404.  GPU  X  8.33  X  80°  Rise 

8,269  meals/day  x  2.4  GPD/Av'g  meal  *1 
19,846  X  300  Days/Yr 
5.953  M  X  8.33  x  80° 

Kitchen  HH  (180°F)  (140°F  HW  Boosted  40°F) 

1.31  *2  X  12,404.  GPH  Max. 

16,249  X  8.33  x  40°  Rise 
1.31  X  5.953  M  Gal/Yr  (140°) 

7.798  M  X  8.33  x  40° 


4,410  people 
16.758  GPU 

=  11.168  MBH  Demand 
=  21.086  M  Gal/  Yr 

=  14.052.  MBTU/Yr 


=  8,269.  meals/day  Av’g. 

=12,404.  GPH  (Max) 

=  8.266  MBH  Demand 

=19,846.  GPD  (140°F) 

=  5.953  M  Gal/Yr 

=  3.968.  MBTU/Yr 


=  16,249.  GPH  (180°HW) 

=  5.414  MBH  (Demand  180°) 

=  7.798  M  Gal/Yr  (180°) 

2.598.  MBTU/Yr 

20.618.  MBTli/Yr 


Total  Estimated  Dorn.  &  Kitchen  Consumption 


E  Dorn. 


&  Kit. 


20.618.  MBTU/Yr 
.60 


w/C.E.P.  Boiler  Efficiency  0  80% 

Total  Dorn.  &  Kit.  HW  Saved 


=  34,363.  MBTU/Yr 
=  25,773.  MBTU/Yr 
=  8,590.  MBTU/Yr 


*2  Re:  ASIIRAE  '76  S-37.18  -  Example  Problem  ff6. 
*1  Re:  ASHRAE  '76  S-37.11  (TAB  6) 
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Diversity  of  Loads  &  Boiler  Operation  From  C.E.P: 


Bo  Her  Selection: 


From  "A"  :  Heating  Connected  Load 
From  :  Domestic  Brks  (140°F) 
Kitchen  (1^0  F) 
Kitchen  (ISO  F) 

Total  Existing  Estimated  Connected  Load 

@  85%  Diversity 
@  10%  Pipe  Loss 
New  C.E.P.  Loss 
New  Total  Estimated  Demand 


29.202  MBH 
11.168 
8.266  MBH 
5.^1A 

54.050  MBH 

45.943  MBH 
4.594  TtbH 
.400  UBH 


50.937  MBH  (Max.  Winter  Design  Load) 


Winter  Max.  @  75%  Load  for  all  but  one  Boiler  *1 
Winter  Min.  @  65%  Load  for  all  but  one  Boiler 

Summer  Min. 

Try:  3  Ea*  Gas/oil-fired  IITIW  Boilers  @  20  MBll 


=  38.202  FffiH 

=  33.109  FiBh' 

=  24.848  MBH 


Diversity  of  Loads: 

E  (New  Htg.  Consumption  from  "A") 

E  (Hew  Dom.  Consumption  from  "B") 

E  TOTAL 

@  85%  Diversity 
E  TOTAL  SAVED 


56,459.  MBTU/Tr. 
25.773.  MBTU/Yr. 
82,232.  MBTU/Tr. 
69,897.  MBTU/Yr. 
12.335.  riBTU/Vr. 


*1  Re:  ETL  1110-3-256,  28  Sep  '76 
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Labor  and  Material  Recurrinp,  Costs/Yr. 


$/YEAR 


fl 


D" 


1. 


2. 


3. 


4. 


5. 


Mnintnininp,  24  Existing  Boiler  PlnntsJ 
4  IDD/Boiler/Yr .  x  48  =*  192  MD 

1/2  MD/pump  X  48  x  12  Mos/Yr.  =  288 

Operating  48  Boilers: 

1/2  ^[D/Boiler/Wk.  *1  x  48  x  52  Wks.=J,248Jffi 
TOTAL:  @  $00/Day  x  1728  MD  = 

Equipment  and  Materials: 

Replacement  of  Exist,  Boilers  for  Equiv.  Lifer 
$10,000/Boller  x  48  =  400.000/25  Yr. 

$  350/puinp  X  48  =  16,800/25  Yr. 

Truck  Expense:  0  $10,000/7  Yrs. 

@  lOc/Mi.  X  7500  Mi/Yr. 

Operation  and  Maintanence  of  New  C.E.P. 

1  man  x  24  Hrs./Day  x  365  Days/Yr.  x  $10/Hr. 

Tuning  Boilers:  48  Boilers  in  24  Plants  to 
be  tuned  and  tested  periodically  to  maintain 
high  effic’s.  as  compared  to  3  new  boilers: 

Repair  and  Adjust  controls  Ea.  Boiler  -  2  ^tD 
Test  Firing  and  Cleaning  Burners  2  MD 

Clean  &  Ad j .  Dampers/Motors/Llnkage  2  MD 

CO^  Testing  2.  MD 

Twice  Ea.  Year;  2x  (48-3)ea.x  $80/Day  x  8  MD 

TOTAL  LABOR: 

TOTAL  material; 

NET  LABOR  SAVED: 

NET  material  SAVED: 


SAVED  (+) 

COSTS  (-) 

$138,240. (L) 

=  19,200. (H) 

=  672.(11) 

=  1,429.(11) 

=  750. (M) 

ts 

(-)  87,600.(1,) 

=  57.600. (L) 

$195,840. 

87.600. 

$  22.051. 

$108,240. 

$  22.051. 

*1  AR420-49  18  Nov  76,  Tab  2-1:  Operational  Visits. 
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Retrofit : 

Remove  48  exist.  Boilers  and  VJater  Heaters  LS 

24,000.  . 

3  HTHW  Heat 

-  X's  X  24  Bldgs.  X  $350/Ea. 

$25,200. 

Piping 

0  24  x  $250/Ea. 

6,000. 

Insulation 

0  24  X  $200/Ea. 

4,800. 

Controls 

0  24  X  $350/Ea. 

8,400. 

Electrical 

0  24  X  $150/Ea. 

3,600. 

Misc. 

7,200. 

TOTAL: 

$79,200. 

Salvage: 

Controls  in 

24  Bldgs.  0  $50/Ea. 

=5 

$  1,200. 

Boilers 

TOTAL: 

=2 

-0- 

$  1,200. 

”F"  Kncrp,y  expended  in  new  (proposed)  C.E.P .  by  new  gns/oil* 
fired  boiler  motor  accessories  as  compared  to  2A 
individual  plants  presently  operating* 

1.  Proposed  boiler  (3  ea,  (g  20  krH  ea)  : 

Forced  draft  blower  motor  @  7.5  Hp  ea: 

7.5  Ilp/boiler  x  0.7A6KW/Hp  =  5. 60  la/ /20MBH  .  Boiler 

or  3.58  MBTU/  mi 

j  .  69.8i7.a>IU/Yr^  . 

3.58  riBTU/  KVm 


EHi;ilGY  EXl’EHDF.O 
(KWU/Yr.) 


19,524. 


2. 


Proposed  pumping  vs.  Existing t 
Distribution  pumping  (from  FY  *82  C.E.P.)t 


GPU  = 


54.050  MBH 


-  280") 


=  1081  GPU 


IIP 

E  (Add'l) 


=  46  bHp  X  0.746  KH/Hp 


500  X  (380" 

1081  GPU  X  100*  HD 
3960  X  0.60  (eff.) 

34  KW  X  8760  Hrs./Yr.  x  0.67  (Divers.) 


34  KW 


199,523. 


ADDITIONAL  ESTIMATED  ELECTRICAL  CONSUMPTION 


219,047. 
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2  energy  savings/year  (RE:  ECIP  ECONOMIC  ANALYSIS) 


TOTAL  SOURCE 

TOTAL  FUEL 

SAVED 

METHOD 

ENERGY  SAVED 
HBTO 

ELECTRIC 

KWH 

NAT. GAS 
MBTU 

"A” 

- 

48,161. 

"B” 

n,590. 

8,590. 

"C’* 

12,335. 

- 

12,335. 

"D" 

- 

- 

- 

”E** 

- 

- 

(-)  1,906. 

(~)  219,047. 

_ 

RECURRING 
COSTS 
SAVED  *1 

OTHER 

COSTS 

(INITIAL) 

DESCRIPTION 

OF  COST 

SAVINGS  METHOD 

- 

- 

Higher  Efficiencies 
(HTG) 

Higher  Efficiencies 
(DOM.) 

- 

- 

C.E.P.  HTG. 

Water  Diversity 

$108,240. 

- 

Labor  Saved 

22,051. 

Material  Saved 

- 

(-)  $79,200. 

Retrofit  Costs 

(+)  1,200. 

Salvage  Costs 

- 

- 

Energy  Expended 

W/New  C.E.P.  Facility 

TOTALS:  67,180. 


(->219,047.  69,086. 

((-)  1,906.(65,175. 

FmTU/Yr.)  HCF/Yr) 


$130,291.  (-)  $78,000. 


*1  Other  Than  Energy 
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Ar;rERNATE  FUEL  COriP ARISONS  (PER  ARA 20-49, 

18  NOV  76,  TAB 

3-1) 

GAS 

OIL 

*1 

COAL 

C.W.E.  (UNESCALATED) 

1,AA3,822. 

1,443,822. 

2,240,822. 

SAVINGS  OVER  EXISTING; 

E  (fUJTU/YR) 

69,086. 

59,101. 

64,427. 

GAS  @  $1.23I/HBTU 

$85,045. 

$75,753. 

$79,310. 

RECUIUUNG  COSTS/YR  SAVED  OVER  EXIST: 

LABOR 

$108,240. 

$108,240. 

$20,640. 

MATERIAL 

$22,051. 

$22,051. 

$19,872. 

INCREASED  ELECTRICAL  OVER  EXISTING: 

E  (KWI/YR) 

219,047. 

219,047. 

246,651. 

E  (HBTU/YR) 

(-) 1,906. 

(-)1.906. 

(-)2,146. 

ELECTRICAL  COST/YEAR 

(-)$2,300. 

(-)$2,300. 

(-)$2,590. 

TOTAL  E  CONSUMPTION  WITH 

C.H.P,  (MBTU/YR) 

69,897. 

@  $1.231/MBTU 

79,882. 

(3  $2.732/MBTU 

74,556. 
d  $1.658/MBTU 

COSTS/YEAR  (ABOVE  LEAST 

EXPENSIVE  FUEL  AS  A  BASE) 

(86,043.) 

-0- 

(218,238.) 

(-)132,194. 

(123,614.) 

(-)37,571. 

NET  COMPARATIVE  COST  SAVINGS/YR. 

$213,036. 

$71,550. 

$79,661. 

NET  E  SAVED  (MBTU/YEAR) 

67,180. 

57,195. 

62,281. 

SIMPLE  PAY-BACK 

6.7 

20.2 

28.1 

*2  RE:  Rate  Schedule,  Page  1  of  13 


*1  RE:  Page  9  of  13 
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CUAL  I'iUhL)  ilUlLLivb  -  tUl  i-i  AtuU  I  v  1, 

Total  cost  (Unescalated  from  ECIP,  Economic  Analysis) 
Coni  Fired  Boilers.  Additional  Cost 


$1,443,822. 


a. 

Central  Plant  Addition 

4600  SF  10. 

46,000. 

b- 

Coal  &  Ash  Handling  Equipment 

LS 

300,000. 

c. 

Deduct  Fuel-Oil  Storage  Tanks 

LS 

(-)  30,000. 

d. 

Rail  Spur 

LS 

300,000. 

e. 

Site  Preparation 

LS 

50,000. 

f . 

Scrubber J?  6  Filters 

LS 

41,000. 

g- 

Boilers 

LS 

90,000, 

TOTAL  ADDITIONAL  COST 
TOTAL  COST 

2.  REF.  TO  ’’A”  HEREIN  : 

E  with  Oil  Fired  Boilers  @  70% 

E  with  Coal  Fired  Boilers  @  75% 

3.  REF.  TO  "B"  HEREIN  : 


$  797,000. 

$2,240,822. 


64,525.  MBTU/YR,  savings  =  40,095.  MBTU/YR. 
60,223.  MBTU/YR,  savings  -  44,397.  MBTU/YR. 


(  with  Oil  Fired  Boilers  Eff.  O  70%  *=  29,454.  MBTU/YR,  savings  =  4,909.  MBTU/YR) 

(  with  Coal  Fired  Boilers  Eff.  @  75%  =  27,490.  MBTU/YR,  savings  «  6,873.  MBTU/YR) 


OIL 

64,525. 

29,454. 


4.  REF.  TO  ”C*'  HEREIN  ; 

E  (Heating  from  *'A"  )  = 

E  (Domestic  from  "B"  )  “ 

E  Totals  MBTU/YR.  ^  93,979. 

0  85%  Diversity  =  79,882. 

E  Saved,  Total  HBTU/YEAR  =  14,097. 

5.  REF,  TO  HEREIN  : 

For  Coal  Fired  Boilers  -  (Supplement 
above  *’D’*  with  the  following: 

1.  Assume  Coal  &  ash  handling  vehicle  expense 
to  balance  out  with  truck  expense. 

2.  Additional  Labor  (Coal  &  Ash  Handling) 

3  men  0  8  Hrs/Day  x  365  days/Yr  x  $10/Hr. 

TOTAL  LABOR: 

TOTAL  MATERIAL; 

NET  LABOR  SAVED: 

NET  MATERIAL  SAVED: 

6.  REF.  TO  ’’F'*  HEREIN  : 

For  Coal  Fired  Boilers  -  (Supplement 
above  **F”  with  the  following: 

Coal  Stoker  forced  draft  blower 

Coal  Stoker  overfire  air  blower 
Coal  Stoker  hydraulic  drive 


COAL 

60,223. 

27,490. 

87,713. 

74,556. 

13,157. 


$195,840. 
$  22,051. 
$  20,640. 
$  19,872. 


(-) 

1,429. (M) 

(-) 

750. (M) 

<-) 

87.600. (L) 

(-)$175,200. 
(-.)$  2,179. 


10  Hp 
7.5  Hp 
5  Hp 


@  0.746  K17  /  Hp  X  22^5  Hp  »  16.8  KW/20  MBH  Boiler  or  1.19  MBTU/KWH 

E  =  74,556  MBTU/YR  =  62,652.  KWH/YR  =  (19,524.  MBTU/YR)  =  43,128  (Additional) 

1.19  MBTU/KWH  199,523  (Pumping) 

242,651 
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Infiltration  Calculations  for  Storm  Windows  Added: 


Select  existing  Prime  &  New  Storm  Windows  for  the  Basis  of  this  study  as  follows: 


WINDOW  PRIME 


STORM 


Material  Wood 

Type  Double  Hung 

Weatherstripped  Loose  Fit 

Size  3*x4’  =  12  SF 

Crack  17  L.F. 


Alum. 

Single  Hung 
Regular  Fit 
3’x4’  =  12  SF 
17  L.F. 


Winter  Infiltration  (3  15  mph  wind  velocity  or  .1"  H^O  DP 

Summer  Infiltration  @  7-2  tnph  wind  velocity  or  .025”  H2O  DP 

*1  Winter:  0.5  CFM/LF  x  17  LF  =  8.5  CFM/Wlndow  x  .6  =  5.1  CFM/Window 

*2  Summer:  0.25  CFM/LF  x  17  LF  =  4.3  CFM/Window  x  .6  ==  2.6  CFM/Window 


0  H  Glass  Area  for  Infiltration: 


Factors  for  Infiltration  Reduction: 

Winter:  (8.5  -  5.1)  CFM/Window  ^  CFM/SF  glass 

12  SF  - - - 


Summer :  4.3  -  2.6 

12 


X  -5 


-  .07  CFM/SF 


HTG: 

CLG: 


Load  Reduction  by  Infiltration: 


.14  CFM/SF  X  1.08  X  52°F 

(.07  X  1.08  X  22°F)  +~ 

(.07  X  4840  X  .0036/////Dry  Air) 


*  7.9  BTU/(H)(SF) 


“  2.9  BTU/(H)(SF) 


Load  Reduction  by  Adding  Storm  Glas^ 


Transmission  &  Solar: *1 


Summer : 

Single  Flat  Glass:  U  =  1.  w/o  Shade 

U  =  0.81  w/Indoor  Shade 


Glass  Shading  Goef  -  1*G 

Indoor  Shade  (Blinds) *2  Coef  *=  0-55 

Transmission:  H  -  UA  (CLTD) 

*3  Clear  Glass  w/Llght  colored  Venetian  blinds 
*2  ASHRAE  ’77  F  25.14 

*1  For  both  Prime  &  Stormt  ^co  t;  h  r  «;  10 

ASHRAE  Heating/Cooling  Load  Calculation  Manual,  Grp  158,  Figs  5.11  &  5,1-: 
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Refuse  Derived  Fuel  -  5900  C.E.P.  ■  Project  No.  B403-TA98 
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16.  PROVISIONS  FOR  THE  HANDICAPPED.  In  accordance  with  P.L.  90-480, 
no  provisions  for  the  handicapped  will  be  made  in  the  project  since 
the  facility  will  be  used  and  operated  soley  by  able  bodied  personnel. 
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Foa  OFFICIAL  USE  c»e.Y 


ECONOMIC  ANALYSIS  (ECIP) 


Location:  Fort  Sill,  Oklahoma 

Proj ect:  Refuse  Derived  Fuel  -  5900  C.E.P.  _ 

_ Project  No>  B403-T4QS  _ 

Economic  Life  _ _  25  ’  Yrs.  Date  Prepared  ^  19  NoV.  1979 


prepared  ByC. Robert  Scruggs 


.1.  Non-recurring  Initial  Capital  Costs. 

a.  C\rK 

b.  Design  . 

c-  Salvage 

d.  Total 

BENEFITS 

2.  Recurring  Benefit/Cost  Differential  Other  Xhan  Energy 

a.  Annual  Labor  Decrease  (+)/  Increase  (— ) 

b.  Annual  Material  Decrease  (+)/  Increase  (-) 

c.  Other  Annual  Decrease  (+)  /increase  (-) 

d.  Total  Costs 

e.  10%  Discount  Factor 

f.  -  Discounted  Recurring  Cost  (d  x  e) 

3,  Recurring  Energy  Benefit/Costs 

a.  Type  of  Fuel  Electricity _ 

(1)  Annual  Energy  Decrease  (+)/  Increase  (-) 

(2)  Cost  per  MBTU 

(3)  Annual  Dollar  Decrease/Increase  ((l)x(2)) 

(4)  Differential  Escalation  I^te  (  7  %)  Factor 

(5)  Discounted  Dollar  Decrease/Increase  ((3)x(4)) 

b.  Type  of  Fuel _ Electric  Demand _ 

(1)  Annual  Energy  Decrease  (+)/  Increase  (-) 

(2)  Cost  per  MBTU  c  •  ^ 

(3)  Annual  Dollar  Decrease/lricrease  ((l)x(2)> 

(4)  Differential  Escalation  Rate  (  7  %)  Factor 

(5)  Discounted  Dollar  Decrease/lncrease  ((3)x(4)) 

c-  Type  of  Fuel  Fuel  Oil  ’  .V- _ 

(1)  Annual  Energy  Decrease  (f)/  Increase  (-)• 

(2)  Cost  per  MBTU  :  ; 

(3)  Annual  Dollar  Decrease/increase  ((l)x(2)) 

(4)  Differential  Escalation  Rate  (  8 •  %)  Factor 

(5)  Discounted  Dollar  Decrease/Increase  ((3)x(4)) 

d.  Type  of  Fuel _ ^  _  » 

(1)  Annual  Energy  Decrease^  (+)/  Increase  (r*)  : 

(2)  Cost  per  MBTU 

(3) .  Annual  Dollar  Decrease/Increase  ((l)x(2)) 

(4)  Differential  Escalation  Rate  (  %) 

(5)  Discounted  Dollar  Decrease/Increase  ((3x(4)) 

e.  Discounted  Energy  Benefits  (3a(5)+3b (5)+3c (5) +3d  O) 

4.  Total  Benefits  (Sum  2.f  +  3e) 

5.  Discounted  Benefit/Cost  Ratio  (Line  4  -f  Line  Id) 

6.  Total  Annual  Energy  Savings  3a(l)+3b(l)+3c(l)+3d(l) 

7.  E/C  Ratio  (Line  6  (Line  la/1,000)) 

8.  Annual  $  Savings  (2d+3a(3)+3b(3)+3c(3)+3d  (3*) 

9.  Payback  Period  ((Line  la  -  Salvage)  ^  Line  8 


$  1,401,400. 
$'“  ^  75,547. 

$ 


$  1,476,947. 


f  139,719,  /Yr.  (-) 

$  -  /Yr. 

139,719.  /Yr.  (-) 

:  9.524 

$  1. .330. 684. 


;  853.  kbTU  (-) 

~ 2.07  /MBTU  ' 
1,766.  /Xr.  (-) 
18.049  "  ^  ' 
31,875.  .(-) 


MBTD: 
/^tU 
_ /Yt:.  v; 


140,400.  MBTU  .  (+) 
$  4/78  MBTU  • 

$  671,112.  /Yr,  (+) 

20,050  • 

$  13,455,796.  (+> 


_MBT0 
/Yr.  : 


$13,423,921. 

$12,093,237. 


$  529,627. 


2.7  YEARS 


PAGE  5 


ECOMOHIC  ANALYSIS  (CONT.) 
Non-recurr:^ng  Init;i:al  Capital  Costs:  . 

Construction.  ,,  ,  •>  ij. 

SIOH  0;  :  ^  :  -5;  %  '  '  “  :  ^ 

Unescalated  tW. 

(Escalated  to  End  FY  82  ); 

X  1,07  X  1.065  X  1,06  x  1*06  . 
(Entered  on  Line  1 /a. . 

Unescalated  Design  Q  6  '  %  of  Cons  true  tioti:: 

,06  X  .  $  1,042,384,  :  ‘  .;.r: 

Dasign -(Escalated  to  End  FY  81  J:  "  ■/ 

,r.r$62.,543.  4.  rl.OT  x  -  1,065  3c  1,06  ^  ^ 

(Entered  on  Line  l.b.) 

f  lS3ly^Sc4)  value rjof' removed  equipment  :  ’  ’  •  •  ' 

Salvage  yalue  (Escalated"' to iEnd  FY  82  ^  ; 

y^i  lvQ64  x:  ^  1.1)62  X  1>05’6  'x'  i.056  ' 

.  (Entered  on  Line  l.c.).  -  i 

i.f  V'*";  V‘, ,  ;  ].  ' 

Recurring  ;Benef it  (+)/CosC  (;-)  Differential  Other 
Than  Energy: 

'  i^aibor '  (tines Cala ted)  '  '  ^  i 

(Escalated  tor-Sud:  FY  82  ) 

T.  1,064 -  k  1,062  x^l>056  x  1.056 

(Entered  on  Line  2. a,)  i 

,  t^terials  (Unescalated’)  I, 

‘  Materials  (Escalated  to  End  FY  82  );  ■ 

•  ^  >11.064  x'l, 062  x?1.056  x  1.056 

(Entered  on  Line  2.b.)  ^ 

|nergy,,Benpf  its  (+)■/ Costs  (-)  : 

Electric  Energy; ,(C-)98024KIffl  x  8700  BTU/KWH) 

Saved^n  n,  .-.r; 

‘(Entered  on  Line  3.a.(l),)-  ; 

$  Cost/MBTU  .  ^  ! 


1 

1 

1,042,384. 

✓ 

$ 

52.119, 

1,094,503. 

$_ 

1,401,400. 

$. 

62,543. 

$ 

75,547. 

/ 

rx 

$_ 

- 

s 

$_ 

_ 

$_ 

110,882. 

-  (-) 

=s 

$_ 

139,719. 

(-) 

n 

$_ 

( ) 

« 

$_ 

- 

( ) 

t 

=5 

$ 

1.207 

/MBTU 

to  End  FY  82  ): 

X  1.13  X  1,13 

S 

$ _ 

2.07 

_ ^/MBTU 

b .  Demand  Charge  Reduction:  j 

. -MBTU  Saved;  . -  ‘ . . .  . . 

Annual  Dollar  Saving  s=  ^ 

./  .^-.^'^^"^^^  ^^ollar  Saving  (Escalated  jto  End  FY  82  ,) ;  ... 

X  1 . 13  X  1>  13  =  $ 

(Entered  bn  Line  3.b.  (3).)  .  - 

Digtlilate  Fuel  Oil:  (101-2300 Gallons  x  138,700  BTU/GAL.) 

mw  Saved  . .  . . 

'‘(Enterfef 'on^Line  3vCw  (lyi.)  j  ^  j;  -  i'  u:. 

$  ■efost/Mfetu  ^  '''''  '  'rr’$ 

$  Cost/MBTU  (Escalated  to  End  FY  82  ).  ;  .  ' 

$  2.732  X  1.16  X  1.16  x  1-14  x  1-14  =  $ 

(Entered  on  Line  3.c.(2).)  - 


Negligible 


140,400,  MBTU 

2.732  /MBTU 

4.78  /MBTU 


PACE  6 


i.a.hiiu 


abbreviations 

K 

M 

kBH'' 

MBII  r.F.l 

flBTU/YR.  (orHBU/YR) 
CF 

GAL 

Rffl  : 


DENOTATION 

KILO  (10^) 

,  MEGA  (10®) 

1000  BTU/HR. 

MEGA  BTO/HR.'  ■  ” 

MECA  "Bfu’/YEAR 
X CUBIC  feet:  - 

GALLON  '  •  ■ 

i  KILO  WAtT~nOUfeS  ' 


FUEL 


COST  OF/ FUEL 


0  FT.  SILL 


NATURAL  CAS 
(JAN  '78) 

FUEL  OIL  112 
(JUL  ’78) 

COAL 

(APR  ’  78)  . 


ELECTRICITY 
(SEPT  *78) 

ENERGY  CHARI 


$1.305/KCF 
$0. 3789/GAL 

$40. 75/TON 

GES 


$o.oio5/iaffl 


$3.076/MBU 

DEILAND  CHARGES 

$1.60/KW 


0  SOURCE 


$l.231/HBU. 

$2.732/MBU,,ii 

$1.658/5bU' 


r  r  A 


. .j 

•Jr;  c-yv  V  \^iy- 

$1.207/riBU 


re 


REMARKS 

4-v .  ■rj3. 


-  RE;  ARl^fGAS  COMiANYl^:  1060  BTU/CF . 

;  ^  i?.:.  .i  !, .)  rry::-^:iry: 

RE:  KERR-McGBE  COMPANY  *1  DISTIL.  F.O. 
.'0;  138^700  BTU/GAL.-  '  ■ ' 

RE:;  ASSOCSAT'ED  PRODUCERS  COMPANY 
0  13,478  ixtj/LB  OR  26^956  MBU/TON 
*1  USE:  24;58' HBU/tOM  •'■;  ■  '  ^ 

RE:  PUBLIC  SERVICE  CP:,.  Of  OKLA.  &  SWPA 
25%>iBYbRO-ELEG."  @-$0;Ot)2/KWH  TO 
4.877.  ^ffl.rfr  SOjPOB/Klffl  ALL  OVER  4.877 

75Z  VOSSIL  FUEL  0  $0. 01338/KWH: 

'  25Z;  0  j$0'.'d£12  ;  1  $6. 0005 

■-}'i3  il"*  .v/.'  .‘.J  ?  ■■  ■ 

,  75Z  0  $0,013.38  =  $0.0100 


'  '  ”  '  ‘  '  '  $0. 0105/KWH  . 

’  $6.0153/10711  (75%  X  11,600  BTU^ffl  *>2) 

+  (25Z.X  0  3T0/KWH' (OTDRO-ELEC.)  = 

$0.0105  X  8760  °  $l’:'207/MBU  (0  SOURCE) 

FRTOt  sfOd  BTO/Kra  TO  3414  BTU/KWH  (@FT.S1LL 
2.548  X  $1,207  =  $3.076/MB0  (0  FT.  SILL) 

RE:  PUBLIC  SERVICE  CJO.  OF  OKLA. 

HINlilUM  MONTHLY  CHARGE  BASED  ON 
32,500  W  X  $1.60  =  $52,000 


r-i 


*1 


RE:  ECIP 


*2 


'  ,  j.  ■'  ‘  'V  j '\r~ 

For  this  report,  we  have  tafen  the' rccfaWrtientlea  li,606  Bt6/K\JH  as'given  by  the  ECIP 
Guidance  (DAEH-FEU,  7  Nov.  l9^77->  lot  .Source .i^-Eri’er^y  af^  deM  8700  BTU/KITH 

because  of  the  advantages  Ft.  Sill  Is  receiving  from  hydroelectric  generation. 


carnafian-thompson-delano.  inc. 

SUBJECT  fuel  ,CHARGES-EMER(?Y.,C0!STt-4,ECF.ND 

1 

Mt'fssiiiil  ciitiMii) 

PnEPARATtOM  OF  ENFRGY  CONTROL SVSXEM  rQnFL  SILL.  OK 

CRS-JHG-PRMc  23  Feb '79 

Iff _ 'A  f>  j .  .  ”  riAiF 

r” P  PP. .» 7  RDF-  5900  CEP 

OF 

rrnrfiTM  co*^inAr.f  NO  OA(*.Arti.77  C  nn<  ' 

f) 

ECONOMIC  ANALYSIS" BACK-UP  ' 


f  - 

FY 

PROGRAM 

INSTALLED  _ 

BOILER 

CAPACITIES 

,  CAPACITIES  .  ..  .. . 

LOAD  . .  TOTAL  CONNECTED 

fc-  ^HBH  '■  flfiH-'-  ■' 

*79 

(Existing) 

2  @  9.8  MBH.  ,,  ^ 

19.464 

.  49.464 

o 

00 

Add  2-15.^  MBH  n,  , 

22. %9 

41.833^ 

•81 

Add  2-1 MBH  *1 

16.434 

-  58^267 

•82 

c.^-  r-O  ' 

-0- 

‘  '  58.267 

Add  1  new  RDF  Boiler  w/Fuel'^oll‘  Bt^ndbyi  *  . '  ■ 

Capacity  of  Boiler  based  upon  following: 

1.  Total  Refuse  Collected  :  •■■■  '  ' v  .  .  i  • 45  to  50  Tons/Day 

2.  Collecting  &  Hauling  Costs^  Cl  l^ay  ^77  “  $375,452. 

Basis  of  Study:'  *2 

1.  Weight  of  Refuse  .-t...  -  ^  ^pp,.f/yd 

2.  Class  I  Rubbish  Consisting  of: 


{ 'Combustible  Waste:  -  "  '  ‘  =  80% 

Paper,  rags,  woodscra^s.,  combustible, 
floor  sweepings,  domestic,  comerci^l  -i  *  . 

&  industrial  sources  ~  , 

b.  Garbage  .  ..,5,..  ^  .  sv  ? 

(Moisture  Content  of : Garbage «  25%)'  '* 

(Non-Combustible  Solids  oE,  Afjove^  =  lp%)  .  .  , 

3....-:  BTU  Value  -of  Refuse  as  Fired.  =  6,500  BTU/// 

BTU^of  Auxtl;J.ary  .fuel  Not  in  Calculations 

4-.  - Total '/^/Day  “-4S-'Tons  X  80%  (Combust.  Refuse) 

/,  ^  X  2,000  ///Ton  =  72', 000  i^/Day 

Total  BTU/Day  =  7^,000  /Day  X^6^50p  BTU/Zf^^  ^ 468  MBTU/Day 


Hourly  Value 


^ir:468  MBTU/Day 
,,  24  Hr s /Day 


19.50  MBH  *3 
6,500  BTU/// 


=  19.50  MBH 

5i  - »  V  I  ■ 

■■^■■^‘3,00011 


try:  '  Sasic -Sdllk  Waste  Boiler  Model  ff3000-B  _ 

@  24  MBW/Hr  Input  0  70%  Efficiency  =  16.8  MBH 

5 .  Total  EnerRY  Estimated  Per  Year  From  RDF; 

E  =  468  MBTU/Day  X  300  (Pick-up)  Days/Year  =  140,400.  MBTU/Yr 

- .  —  (Total  Input  RDF) 

1-Fuel-oll  Fired' Boiler  (Exlst'g  FY'80)  =  I^MBH' 


.70(eff.)  309.Days/yr  , .  , 


^J54, 286  MBTU/Yr 
(Total  Input  F.O.) 


*3  Re:  International  Boiler  Works' "to^;  & 

Engineer *g  Co.  • 

*2  Re:  Basic  Environmental  Engineer *g  Co. 

*l  Re:  Wilson  &  Co.  Study  of  6000  Area  Programming.  _ 
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pnePAnATiON  of  eneboy  contboC'SVstem  f  bn  ft  sill,  ok 


cKs 


■IC 


'  'oAfF^  1?.  NOV  ,79 


2_ 

OF 

6 


H-8 


Assume  Energy  fr6m  1  Fiielrbil, ''Bolder  Say^i^d - 
with  l-Z/SOGO-B  RDF  Boiler  or 


'B”  Annual  Costs/Benefits; 


i*  Refuse-Xontracti:  Reiiudt  Ion  t  - - 

■  Vi'  5.  V  *<- . 

100%  Reffi^e  collected  &  hailed  to 

RDF  site  ill  Tieu  of  Dump  =  45  Tons 

=9  Tons 


20%  Non^Combustlbles 

80%  Combustibles  =*  36  Tops 

10%  Ashes  * 

To  Sanitation-Fill  w 


140,400  MBTU/Yr 
(Min.  Saved) 

_ $  Per  Year _ 

Saved  (d)  Cost  (-) 


3.6  Tons 


:  _  “  1 6  ^'Ti^n  s^  ; 

Assume  contract  reduction  to  be  based  on 
following: 

a.  6  mile  round-trip  to  dump  slt"ia::;:(lnAdieU'Of:  i 
13  miles)  say  50%  reduction. 


A  ' 


,/l2.6  Ton^ 
Tons/ 


b.  Sanitation  fill  charges  reduced! 
to  28%  ^  ^  ..  . 

Es  t  ima  t  e  Satil  t  a  t  ion  Son  tract'  ReducVibn' 
0  15%  X  $375,452 


7 ; ;  'P,  u  C  :i  5  i .  .t  o  c  } 

:?  a''''-''--' 

=  $56^318, 

2.  Additional  operators  &  laborers  to  handle 
RDF  equipment,  separation  &  maintenance 

on  24  hr.  basis:  .  :a  ^  ^ 

2  men  X  24  hts^X  365  days/yr  X  $  10/hr 

3.  Assume  vehicle  costs  &  energy^usage  fpr^  _  . 

RDF  handling  to  be  offset  wltti  truck 
hauling  to  dump  site. 

4.  Extended  life  of  1  Fuel-oil  boiler  and 
accessories  not  in  use^dOring  RDF  Siting 


ulC.  I 175^200.. 


-0- 

- 


1  Boiler,  pump  &  accy's  =  $200,66o/2S  yr4‘'^i 


jns’; ,;g’;  -s  -‘.rS2.\ 
rH  .';*D !j' 


TOTALS 

Net  recurring  costs 


.  / 

ri 


‘y  nfiry 


"C"  Energy  expended  w/ RDF  plant  as  compared  to' Fuel-oil  boiler . 


$175,200. 

^--4  'V'U/i - r-P 

$110.882. (-) 

4 


^)i5U  =  p:'H 


Forced  Draft  Blower  motor 

.  \  I 

After-Burner  Blower  motor  -av.;  -.., 

Misc.  Motors:  Powered  plug  ash  remover,  plug 
spreader  feeder,  bomb  bay  doors,  ash  conveyor, 
non-combustible  conveyors,  induced  draft 

blower,  etc.  ,  ^  .  ip .  Bp  ^+(w/d  Ivors  ity) 


I. i 
;  .j.r , 


f!  '■•'f 

TOTAL  ‘ 

LESS:  Conventional  Fuel-oil  Boiler  Blower  - 
Motor  ; 


2^ 


i-)  10  Hp 


NET  ESTIMATED  ADDITIONAL 


Assume: 
E 
E 


V  Oo  ’ 


*  1  }  V  1 


(EiectjL)""' ISf  ilp’X  0.746  Kw/Hp  X  iX'ftr&'/oky  x’'3^^ ‘Diiys/Yr V  )0 

V  -  98'.024  Kwh/Yr  additional 

CElec  1),,^,-;;;.!+,,..  ■.  .Jt.iiv.i;  r,.-;  'o;i 


f,  .C'O  :  in}gnH 

,  If'  j  ^  *  r  D  o  r.  *’!<  'j  3  I  ta  :  r;  r  •tn '  ...  '':r  >3  d  i  r  J 
t tT:mr‘"^-So'3  i  ii j  A  noe.LtV.’ 


carnabn-thompsoo^iffHIpjife^ 


[-'tip' 


I  t  •  t  I  M  I  I 

nu^jrcr  NO 


1 1  1 1 1 1  i  Iftii  1 1..  ^  1. 1 1 1  M  I  r  t 
Rl)F-590()  i:V.P 


^ nftpr'r  ^^Economib^'Xhaly ^is 


I  ii  h  1  jj! 


PREPAn^TION  OP  ENCaOV  CONTnOL  SVSTEM^enAiS^ti  OK'}  V 

r«r«r«  ^  '  vt;  I  'tri  'fci  — A"'l 


nv . 


CRS  s  . 


_ _ DATE  .7.  ..  "  -1. 


19  Nov  79 
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2  COSTS/SAVINGS  PER  YEAR 


DESCRIPTION 
OF  COSTS/ 
SAVINGS  METHOD 

Fuel  oil  saved 

Recurring  costs 

Electric  Energy 
expended 

TOTALS  139,547  (“)  98,024/'  140,400.  (-)  $110;882. 

((-•)  853.  (1,012,300. 

MBTU/Yr)  .  Gal) 


METHOD 

TOTAL. 

SOURCE 

MBTU 

TOTAL  FUEL 
ELECTRIC 
KWll 

:  SAVED 
•  il2  OIL 
MBTU 

RECURRTNG 

COSTS; 

.140,400.. 

- 

140^400. 

- 

-  . 

- 

(-)  $110j®82. 

C-)  853. 

C-)  98,024. 

. 

